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Preface 
This thesis embodies the evaluation of the performance of the thiocyanate ligand in the field 
of molecular magnetism when associated to a 4d or a 5d metal ion. The compounds have been 
characterized by Elemental Analysis and IR. The solid state structures have been determinated 
by single crystal X-ray diffraction studies. Magnetic studies were carried out for all the 
compounds. 
Introduction Reviews the recent literatures on Cyano/Thiocyanato -bridged 
Molybdenum(III)/rhenium(IV) heterometallic compounds. 
Chapter 1 [Mo(NCS)6]3-, [Mo(NCSe)6]3-, and [Re(NCS)6]2-: Potential Building Units in 
Molecular Magnetism. 
Chapter 2 [Mo(NCS)6]3--Based 1-D Heteronuclear Polymers: Mixed-Valence and 
Heterotrimetallic Compounds.  
Chapter 3 [{Mo(NCS)6}2{MLN4}3] (M = CoII, NiII): First Two-Dimensional Ferrimagnet 
Based on Thiocyanato-Bridge 
Chapter 4 Salts and Discrete Systems of [Mo(NCS)6]3- and 3d Building Units. 
Chapter 5 Oligomeric and Polymeric Organizations of Potassium Salt of Schiff-base 
Complexes as Ligands in the Presence of [Mo(NCS)6]3-. 
This work led to the publications of four articles 
1) “Substantial exchange coupling for {Mo-NCS-M} combination: Illustration for 1-D 
[{Mo(NCS)6}{NiL}2(NCS)]n.” par Maliheh Mousavi, Virgine Béreau, Cédric 
Desplanches, Carine Duhayon et Jean-Pascal Sutter. Chem. Comm., 2010, 46, 7519-
7521 DOI: 10.1039/c0cc02498h 
2) “Oligomeric and polymeric organizations of potassium salts with compartmental 
Schiff-base complexes as ligands” par Maliheh Mousavi, Virginie Béreau, Jean-Pierre 
Costes, Carine Duhayon et Jean-Pascal Sutter. Cryst. Eng. Comm., 2011, 13, 5908-
5914 DOI: 10.1039/C1CE05127J 
3) “K2Re(NCS)6: A weak ferromagnet” par Maliheh Mousavi, Virgine Béreau, Carine 
Duhayon, Jean-Pascal Sutter. C. R. Chimie, 2012, DOI : 10.1016/j.crci.2012.05.005 
4) “First Magnets Based on Thiocyanato-Bridges” par Maliheh Mousavi, Virginie Béreau, Carine 
Duhayon, Philippe Guionneau and Jean-Pascal Sutter, Chem. Comm. 2012, DOI: 
10.1039/c2cc33877G 
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Résumé en français 
 
Evaluation du potentiel des briques [M(NCS)6]3(2)- (M = MoIII, ReIV) 
en magnétisme moléculaire 
 
Contexte 
L’étude réalisée dans le cadre de cette thèse concerne le domaine des matériaux moléculaires 
magnétiques. Pour cette famille de composés, l’une des problématiques toujours d’actualité 
concerne l’accroissement des températures auxquelles les matériaux expriment leurs 
propriétés. Plusieurs exemples tendent à montrer que les ions 4d et 5d pourraient contribuer à 
solutionner cette limitation. Dans cette perspective, nous avons entrepris l’étude de systèmes 
fondés sur un ion 4d (MoIII) ou 5d (ReIV) associé au ligand NCS-. Notre objectif était 
d’aboutir à une évaluation du potentiel de cette association au travers de modélisations 
théoriques et d’investigations expérimentales ; puis d’utiliser ces nouvelles briques pour la 
préparation d’édifices {3d-4(5)d} originaux. Il convient de préciser ici qu’à ce jour, la quasi-
totalité des systèmes impliquant des ions 4 ou 5d utilisent le cyanure (CN) comme ligand 
pontant. Disposer de ligands alternatifs et performants dans la transmission de l’information 
magnétique est indispensable dans la perspective de préparations rationnelles de matériaux 
magnétiques compétitifs. 
Les briques moléculaires que nous avons considérées pour notre étude sont les anions-
complexes {Mo(NCS)6}3-, {Mo(NCSe)6}3- et {Re(NCS)6}2-. Il s’agit de complexes d3 
paramagnétiques caractérisés par un spin de S = 3/2. Nous résumons ci-dessous les principaux 
résultats obtenus et décrits dans ce mémoire. 
 
Chapitre I  {Mo(NCS)6}3-, {Mo(NCSe)6}3- et {Re(NCS)6}2-: Des briques 
potentielles en magnétisme moléculaire 
 
Préparation des anions-complexes  
L’une des premières synthèses du composé K3[Mo(NCS)6], 1, a été décrite en 1898 ; depuis 
des préparations alternatives et efficaces ont été proposées. Nous avons utilisé ce sel pour 
préparer (PPh4)3[Mo(NCS)6], 2, qui n’avait jamais été décrit. Le dérivé de sélénocyanate, 
(NMe4)3[Mo(NCSe)6], est mentionné dans la bibliographie mais son obtention apparait 
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comme élusive. Nous avons obtenu (NEt4)3[Mo(NCSe)6], 3, par une procédure améliorée, et 
son homologue de phosphonium, 4, a également été préparé. Le complexe anionique du ReIV, 
[Re(NCS)6]2-, est connu également. Ses sels de Cs+, NR4+, PPh4+et AsPh4+ sont décrits. 
Curieusement K2[Re(NCS)6], qui est un intermédiaire dans beaucoup de ces préparations, 
n’avait jamais été isolé et caractérisé. La raison en est probablement  la difficulté rencontrée 
pour l’isoler en raison du large excès de KNCS. Nous avons mis au point un protocole 
permettant d’isoler K2[Re(NCS)6], 5, pur avec un rendement de l’ordre de 70%. Ce composé a 
été ensuite facilement cristallisé à partir d'une solution aqueuse. Le sel (PPh4)2[Re(NCS)6], 6, 
a été obtenu à partir de 5 par métathèse des cations. (Schéma 1). Les structures moléculaires 
des composés 2, 4 et 5 ont été caractérisées par diffraction des rayon-X sur monocristal 
(Figure 1).  
H2O (N2)
(PPh4)3Mo(NCS)6(NH4)3MoCl6
KNCS K3Mo(NCS)6
PPh4Cl
1 2
H2O/MeOH
KNCSe, NEt4Br (NEt4)3Mo(NCSe)6 (PPh4)3Mo(NCSe)6
H2O (N2)
(NH4)3MoCl6
(N2)
PPh4Cl
H2O (N2)
3 4
K2ReCl6 K2Re(NCS)6 (PPh4)2Re(NCS)6
KNCS
molten
(N2)
H2O (N2)
PPh4Cl
5 6
(Eq. 1)
(Eq. 2)
(Eq. 3)
 
Schéma 1: synthèse des composés 
 
 
Figure 1. Structures des composés (de gauche à droite) (PPh4)3Mo(NCS)6, 2, (PPh4)3Mo(NCSe)6, 4, et 
K2Re(NCS)6, 5.  
 
Evaluation des distributions des densités de spin par DFT 
Dans une première étape, nous avons évalué la distribution des densités de spin sur les 
complexes [Mo(NCS)6]3-, [Mo(NCSe)6]3- et [Re(NCS)6]2-. Celle-ci a été déduite de calculs de 
DFT effectués en collaboration avec le Dr. Desplanches (ICMCB, Bordeaux). La densité de 
spin localisée sur le ligand fournit une indication sur le transfert de l’information magnétique 
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du métal vers les ligands. Cette densité, en particulier sur l’atome le plus extérieur du ligand 
(le soufre dans notre cas), permet d’estimer l’ordre de grandeur de l’interaction d’échange qui 
pourra s’établir avec un centre paramagnétique lié à cet atome. Nous reproduisons en Figure 2 
et Table 1 les résultats de ces calculs. Comme attendu, l’information magnétique se propage 
par les orbitales  du ligand. La densité localisée sur le soufre (et le sélénium) est positive 
(Table 1) et augmente de façon significative lorsque le MoIII est remplacé par le ReIV (0,07 µB 
versus 0,14 µB). Il s’agit de valeurs conséquentes. A titre de comparaison, la densité de spin 
sur l’atome de soufre dans {Mo(NCS)6}3-est très similaire de celle trouvée sur l’atome d’azote 
dans la brique {Mo(CN)8}3- ( 0,064 µB). Lorsque la brique {Mo(CN)8}3- est associée à des 
ions 3d, par exemple le nickel, l’interaction d’échange entre Mo et Ni est de l’ordre de 30 cm-
1. L’évaluation théorique laissait entrevoir pour ces complexes thiocyanate des performances 
similaire de celle de {Mo(CN)8}3-. Fort de cette première information, nous avons entrepris 
l’étude expérimentale afin obtenir des informations quantitatives sur les interactions 
d’échanges 
 
Figure 2. (a) Une des trois HOMO et (b) distribution de la densité de spin (positive en gris et négative en bleu) 
déduites des calculs de DFT pour {Mo(NCS)6}3-. Des résultats très similaires ont été obtenus pour les complexes 
{Mo(NCSe)6}3- et {Re(NCS)6}2-. 
 
 Densité de spin totale (valeur moyenne en µB) 
Composés M N C S ou Se 
1 Mo: 2,480367 - 0,079420 0,098029 S: 0,067765 
2 Mo1: 2,521467 -0,077141 0,090051 S: 0,066844 
 Mo2: 2,509164 -0,077895 0,091917 0,067785 
4 Mo: 2,474089 -0,081558 0,100294 Se : 0,073428 
6 Re: 2,064558 -0,045864 0,064516 S: 0,137254 
Table 1. Distribution des densités de spin obtenue par DFT pour [Mo(NCS)6]3-, [Mo(NCSe)6]3-, et [Re(NCS)6]2-. 
 
Propriétés magnétiques 
La variation de la susceptibilité magnétique en fonction de la température a été étudiée. Pour 
les composés 2, 4 et 6, le comportement magnétique est en accord avec celui d’un centre 
paramagnétique de spin S = 3/2. Par contre, un comportement assez singulier a été observé 
 
(a) (b)
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pour K2[Re(NCS)6] (Figure 3). Pour ce dernier, la valeur de MT à 300 K est plus faible que 
celle attendue pour un S = 3/2 et elle décroit rapidement lorsque la température baisse jusque 
vers 15 K. Ce comportement est caractéristique d’interactions antiferromagnétiques fortes. En 
dessous de 15 K une brusque augmentation de MT est observée et le matériau se comporte 
comme un ferro-aimant faible. Cet état ferromagnétique faible est attribué à un arrangement 
non-colinéaire des moments portés par les ions Re en interaction antiferromagnétique. Ce 
comportement a certainement pour origine l’anisotropie magnétique de cet ion. Cette 
situation, connue sous la dénomination de spin canting, a été observée pour d’autres 
composés du ReIV. L’angle entre les moments locaux a été estimé à 3.9°. L’interaction 
antiferromagnétique forte entre les unités [Re(NCS)6] s’explique par la forte densité de spin 
que portent les atomes de S et leur proximités dans le cristal. 
 
Figure 3. Comportement magnétique de K2[Re(NCS)6]. (à gauche) Variation de MT en fonction de la 
température enregistrée dans un champ de 1000 Oe ; en insert est montrée la variation de MT aux basses 
températures en fonction du champ appliqué. (à droite) Variation de l’aimantation lors du refroidissement 
(FCM) montrant l’apparition d’une phase aimantée en dessous de 13 K. 
 
Evaluation quantitative de l’interaction d’échange {Mo-Ni} et {Mo-Co}  au travers du pont 
thiocyanate 
Une série de composés isomorphes résultant de l’assemblage de ces briques anioniques avec 
un complexe d’ion 3d, [MLN4(H2O)2]2+ (avec M = NiII, CoII où LN4 est un ligand 
macrocyclique occupant les positions équatoriales) a été préparée. Une vue de l’organisation 
1-D {[Mo(NCS}6{NiLN4}2(NCS)]∞, 8, est donnée en Figure 4. Ce composé peut être décrit 
comme des unités trinucléaires {Ni-Mo-Ni}+ associées en réseau 1-D par un ligand NCS (ce 
dernier a été introduit pour la neutralité des charges). Le même assemblage a été obtenu pour 
{[Cr(NCS}6{NiLN4}2(NCS)]∞, 7, {[Mo(NCSe}6{NiLN4}2(NCS)]∞, 9, et 
{[Mo(NCS}6{CoLN4}2(NCS)]∞, 10.   
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Le comportement magnétique du composé {[Mo(NCS}6{CoLN4}2(NCS)]∞, 10, est présenté 
dans la Figure 6. Comme pour les dérivés du Ni, MT diminue régulièrement quand 
la température diminue avant d’atteindre un plateau en dessous de 50 K. Ce comportement 
révèle une interaction MoIII - CoII antiferromagnétique au travers du ligand NCS. Il est à noter 
qu’un MT de 3,0 cm3mol-1K est trouvée à 300 K. Le comportement de Curie n’est pas atteint 
à cette température mais MT est déjà au-dessus de la valeur attendue (2,75 cm3mol-1K) pour 
un MoIII (S = 3/2) et deux [CoLN4] avec S = ½ (le CoII présente une configuration électronique 
bas spin dans le réactif) sans interaction. Cela suggère que pour ce composé, l’un des centres 
CoII est haut spin (S = 3/2) et le second reste dans la configuration bas spin (S = ½). Cette 
hypothèse est confortée par la valeur d'environ 0,4 cm3mol-1K atteinte au plateau à basse 
température, valeur en accord avec un état fondamental de spin de S = ½ pour les entités [Co-
Mo-Co]. La configuration électronique haut spin peut être attribuée au Co dont la sphère de 
coordination comporte deux atomes de soufre (cf. Figure 4). En effet, le champ de ligand d’un 
thiocyanate lié par le S est plus faible que celui lié par l’azote, une coordination de deux NCS 
par les S sera donc en faveur d’une configuration haut-spin pour le Co.  
Une estimation des interactions d’échange pour 10 a aboutie à JMoCo(BS) = -32,7 cm-1 et 
JMoCo(HS) = -98,5 cm-1.  
 
Figure 6. Comportement magnétique de {[Mo(NCS}6{CoLN4}2(NCS)]∞, 10. Le comportement modélise est en 
rouge. 
 
Conclusions 
Les résultats rassemblés dans cette première partie suggèrent que des interactions d’échange 
fortes peuvent être obtenues lorsque le ligand thiocyanate est mis en œuvre conjointement 
avec un ion 4d ou 5d. Les distributions de densité de spin obtenues par calculs pour les 
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briques [Mo(NCS)6]3- et [Re(NCS)6]2- démontrent clairement qu’une fraction notable du spin 
est transférée du métal vers les atomes de soufre en périphérie de la brique. Par ailleurs, 
l’évaluation quantitative des interactions d’échange {MoIII –NiII} et {MoIII –CoII} pour une 
série de composés hétérobimétalliques à conduit à des valeurs analogues à celles de systèmes 
similaires à pont cyanure. 
Jusqu’à présent le thiocyanate était considéré comme un ligand peu efficace pour la 
communication magnétique entre deux ions. Nous démontrons dans cette étude que le métal 
joue également un rôle dans ce processus. En effet, nous avons mis en évidence une 
interaction {Mo-Ni} deux fois plus forte que celle obtenue pour le couple {Cr-Ni} (-50 cm-1 
contre -25 cm-1), montrant ainsi clairement que ce ligand devient très intéressant en 
magnétisme moléculaire s’il est associé à des ions 4d ou 5d. 
 
Chapitre II Edifices hétéronucléaires 1-D fondés sur {Mo(NCS)6}3- : 
Composés à valence mixte et des composés 
hétérotrimétalliques. 
 
Une partie importante de ce travail de thèse a été consacrée à la formation et à l’étude des 
propriétés magnétiques de composés de type chaîne en raison de leur intérêt dans le domaine 
du magnétisme moléculaire.  
Un premier exemple d’édifice 1-D obtenu est représenté en Figure 7. Le composé 
{[Mo(NCS)6Ni(en)2][Ni(en)3]0.5}∞ résulte de la réaction de [Mo(NCS)6]3- avec [Ni(en)2]2+ (en 
= éthylène diamine). Il consiste en une chaîne formé par alternance d’unités Mo et Ni pontées 
par des ligands NCS ; la charge de la chaîne est compensée par des cations [Ni(en)3]2+ formés 
durant la réaction. Le comportement magnétique de ce composé confirme l’interaction 
antiferromagnétique {Mo-Ni} anticipée. Cependant, la divergence de MT attendue pour un 
système ferrimagnétique dans le domaine des basses températures n’est pas observée. Nous 
avons attribué cela à la présence de ces cations paramagnétiques qui sont susceptibles 
d’engendrer des interactions magnétiques entre les chaînes et de conduire à un état 
fondamental non-magnétique. Les nombreuses tentatives de remplacer [Ni(en)3]2+ par un 
cation diamagnétique n’ont pas abouties. 
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Figure 7. Structure du composé {[Mo(NCS)6Ni(en)2][Ni(en)3]0.5}∞ et ses propriétés magnétiques 
 
Ce comportement a été modélisé par une expression de la susceptibilité proposée par Drillon 
et coll. L’ajustement aux données expérimentales a été obtenu avec JNiMo = -34,0 ± 0,3 cm-1 ; 
zJ' = -5,8 ± 0,1 cm-1, gMo = 2,0 (fixe), gNi = 2,2 (fixe). 
 
Les complexes de type [MLN4] se sont avérés particulièrement adaptés à cette forme 
d’assemblage. La réaction entre [Mo(NCS)6]3- et [MLN4]2+ (M = NiII, CoII) a permis d’obtenir 
des associations 1-D dans lesquelles le complexe [MLN4]2+ (M = NiII, CoII) est lié à deux 
unités [Mo(NCS)6]3- au travers de liaisons M-S localisées en positions apicales, et chaque 
complexe thiocyanate est lié à deux [MLN4]2+ (Figure 8). La charge négative de ces édifices 
est compensée par des complexes [MLN4] non liés. Ce constat nous a conduit à engager le 
complexe diamagnétique [CoIIILN4(Br)2]+ pour jouer le rôle de cation. Ainsi, la réaction entre 
[Mo(NCS)6]3- et [CoIILN4]2+ en présence de [CoIIILN4(Br)2]+ a conduit à un composé à valence 
mixte CoII/III où seul le CoII est impliqué dans la chaîne. Cette sélectivité repose sur une 
coordination préférentielle du S sur un ion de bas degré d’oxydation.  
 
Figure 8. {[Mo(NCS)6MLN4][CoIIILN4Br2]}∞ (M = CoII, NiII) 
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Cette approche nous a également permis de préparer un cas rare de composé alliant trois 
métaux différents dans un processus d’auto-assemblage. Ainsi, lorsque la réaction de 
[Mo(NCS)6]3- et de [NiLN4]2+ est effectuée en présence de [CoIIILN4(Br)2]+, la chaîne se 
construit avec la brique de Ni et le complexe de CoIII joue le rôle de contre ion.  
Les comportements magnétiques des composés {[Mo(NCS)6MLN4][CoIIILN4Br2]}∞, (M = Ni, 
Co) sont représentés en Figure 9. Pour les deux composés, le comportement de MT en 
fonction de la température est en accord avec celui d’une chaîne ferrimagnétique. Il  montre 
également que des interactions magnétiques inter-chaînes subsistent comme l’indique la faible 
remontée de MT en dessous de 50 K. 
 
Figure 9. Propriétés magnétiques de {[Mo(NCS)6MLN4][CoIIILN4Br2]}∞ (M = NiII (à gauche) et CoII (à droite)  
 
Conclusions 
Les composés 1-D décrit dans ce chapitre constituent les premiers exemples de polymères de 
coordination construits avec [Mo(NCS)6]3-. Le fait que ces chaînes hétérométalliques soient 
anioniques nous a permis de jouer sur le cation associé. Les associations réalisées en présence 
du complexe [CoIIILN4(Br)2]+, choisi pour jouer le rôle de cation diamagnétique, ont conduit à 
la réalisation d’un nouvel exemple de composé hétérotrimétallique [Ni-CoIII-Mo] ou encore 
d’un système à valence mixte [CoII-CoIII-Mo]. Nous rappellerons que très peu de préparation 
rationnelle de composés hétérotrimétalliques sont connues.  
 
Chapitre III [{Mo(NCS)6}2{MLN4}3] (M = CoII, NiII): Premiers exemples de 
ferri-aimants 2-D fondés sur le pont thiocyanate 
 
Nous avons décrit au chapitre précédent une série de composés 1-D construits à partir de 
[Mo(NCS)6]3- et [MLN4]2+ (M = NiII, CoII). Dans tous les cas un complexe [MLN4]n+ non-lié 
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au métallo-ligand jouait le rôle de cation pour assurer la neutralité des charges. A partir des 
mêmes réactifs mais en introduisant de l’eau aux solvants du mélange réactionnel, le 
processus d’association conduit à un édifice bi-dimensionnel. Une vue de la structure du 
composé [{Mo(NCS)6}2{NiLN4}3] est présentée dans la Figure 10. Elle se construit avec deux 
unités [Mo(NCS)6] différentes ; l’une (Mo1) est connectée à quatre [NiLN4] et l’autre (Mo2) à 
deux. Chaque complexe de [NiLN4] est lié à deux Mo par des ligands thiocyanate qui jouent le 
rôle de pont dans ce système, développant ainsi un réseau 2-D. Le dérivé du CoII, 
[{CoLN4}3{Mo(NCS)6}2] est isomorphe (Figure 11). 
 
Figure 10. Structure moléculaire de [{NiLN4}3{Mo(NCS)6}2].4H2O 
 
 
Figure 11. [{MLN4}3{Mo(NCS)6}2]: Comparaison des diffractogrammes des RX sur poudre pour [Mo2Co3] 
(bleu) et [Mo2Ni3] (rouge) avec le diffractogramme calculé à partir des données cristallographiques de 
[{NiLN4}3{Mo(NCS)6}2] (noir). 
 
La variation de la susceptibilité magnétique molaire pour [{NiLN4}3{Mo(NCS)6}2] est 
présentée sous la forme de MT = (T) en Figure 12. Ce comportement est en accord avec les 
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interactions {Ni-Mo} antiferromagnétiques substantielles attendues. Le fait que MT tend vers 
zéro à basse température est lié à l’état fondamental non-magnétique pour ce système, il 
résulte de la compensation des moments des deux S = 3/2 par ceux des trois S = 1. 
 
Figure 12. [{NiLN4}3{Mo(NCS)6}2]: variation de MT en fonction de la température. 
 
Pour le composé [{CoLN4}3{Mo(NCS)6}2], χMT (Figure 13) diminue lorsque la température 
baisse, passe par un minimum autour de 107 K, puis augmente rapidement au-dessous de T = 
40 K pour atteindre une valeur de 147 cm3mol-1K à 25 K avant de décroitre à nouveau. La 
lente diminution observée entre 300 et 107 K est en accord avec l’interaction 
antiferromagnétique MoIII-CoII anticipée. Notons qu’à 300 K, χMT vaut 10,7 cm3 mol-1 K, une 
valeur déjà en-dessous de celle attendue pour 3 CoII (S = 3/2) et 2 MoIII (S = 3/2) en l’absence 
d’interactions d’échange.  
 
Figure 13. Comportement magnétique pour [{CoLN4}3{Mo(NCS)6}2]: (à gauche) variation de MT en fonction 
de la température (H = 1000 Oe) et (à droite) dépendance en température de l’aimantation lors du 
refroidissement sous champ (en rouge, H = 50 Oe), en l’absence de champ magnétique (en bleu) et de 
l’aimantation rémanente (en noir). 
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L’examen de la variation de l’aimantation en fonction de la température (Figure 13) nous 
apprendre qu’un ordre magnétique s’établit en dessous de 40 K ; ce composé est un ferri-
aimant de TC = 40 K. Ceci est confirmé par les mesures de susceptibilité effectuées en champ 
alternatif (Hac = 3 Oe). La partie imaginaire de la susceptibilité (M’’) devient non-nulle en-
dessous de 40 K et présente un pic dont la température du maximum ne dépend pas de la 
fréquence d’oscillation du champ (Figure 14).  
 
 
Figure 14. Comportement magnétique pour [{CoLN4}3{Mo(NCS)6}2] : susceptibilité magnétique en mesure AC 
 
 
Figure 15. Comportement magnétique pour [{CoLN4}3{Mo(NCS)6}2] : aimantation en fonction du champ à 2 K 
et cycle d’hystérésis observé. 
 
La variation de l’aimantation en fonction du champ, enregistrée à 2K (Figure 15), montre une 
augmentation rapide de l’aimantation jusque M = 1,6 µB sous faible champ (< 1 kOe) puis 
une augmentation plus faible. Une aimantation de M = 2,7 µB est obtenue sous 50 kOe mais 
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la saturation n’est pas atteinte. Cette aimantation est en accord avec une interaction Mo-Co 
antiferromagnétique. Par ailleurs, l’augmentation continue de M suggère une anisotropie 
magnétique. Ceci est confirmé par le cycle d’hystérésis caractérisé par un champ coercitif de 
HC = 200 Oe (à T = 2 K). L’ensemble de ces comportements démontrent que ce composé est 
un ferri-aimant. 
 
Conclusions  
Les polymères de coordination décrits dans ce chapitre confirment que [Mo(NCS)6]3- est une 
brique digne d’intérêt pour l’élaboration de composés aux propriétés magnétiques 
intéressantes. Ils illustrent également le rôle essentiel du solvant sur le processus d’auto-
assemblage. La présence d’eau dans le milieu a permis de modifier le schéma d’association 
pour conduire sélectivement à une architecture bidimensionnelle. 
L’obtention du ferri-aimant [Mo-Co] est remarquable. Il s’agit du premier aimant réalisé 
uniquement avec le thiocyanate comme ligand pontant. De plus, sa TC est parmi les plus 
élevées connus pour des aimants 2-D. 
 
Chapitre IV Sels et édifices discrets formés avec [Mo(NCS)6]3- et des 
complexes d’ions 3d. 
 
Ce chapitre est dédié à une série de composés que nous avons obtenus dans le cadre de 
l’association du métallo-ligand [Mo(NCS)6]3- avec divers complexes d’ions 3d. Ces deniers 
complexes impliquent des ligands polyazotés de denticité comprise entre deux et quatre. Il 
s’agit de complexes de structures discrètes dont les propriétés magnétiques ne présentent pas 
d’intérêt majeur. Nous avons également regroupé ici plusieurs composés qui ne font pas 
intervenir de liaison entre la brique de Mo et le complexe considéré (MnII, NiII, ou CoII). De 
tels sels ne sont pas intéressants d’un point de vu du magnétisme, toutefois, leurs structures 
ayant été caractérisées, il nous paraissait justifié de les décrire. 
 
Complexes hétérométalliques [MoIII-CuII] 
Des associations entre [Mo(NCS)6]3- et des complexes du CuII ont été explorées. Deux 
exemples d’édifices obtenus sont présentés en Figure 16. Le composé 1 est issu de la réaction 
entre le complexe [Cu(3,3,3-tet)(ClO4)2] avec (PPh4)3[Mo(NCS)6] dans MeCN. Il est 
constitué d’une entité trimétallique [Cu2Mo]+ avec deux PPh4+ et un [Mo(NCS)6]3- en contre-
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ions (Figure 16). Lorsque la réaction a été effectuée en remplacent le sel de phosphonium par 
(NEt4)3[Mo(NCS)6], une association différente a été observée. Le composé 2 est constitué 
d’une entité pentanucléaire [Cu4Mo]5+, de trois [Mo(NCS)6]3- et de deux [Cu(3,3,3-
tet)(MeCN)2]2+ (Figure 16).  
 
Figure 16. (à droite) [{Mo(NCS)6}{Cu(3,2,3-tet)MeCN}2]·[Mo(NCS)6]·2PPh4, 1 ;  
(à gauche) [{Mo(NCS)6}{Cu(3,2,3-tet)MeCN}4]·3[Mo(NCS)6]·2[Cu(3,2,3-tet)(MeCN)2], 2 ;   
 
Les propriétés magnétiques des composés 1 et 2 révèlent une interaction Mo-Cu 
antiferromagnétique faible (Figure 17). Ce couplage faible s’explique par une liaison longue 
entre le S du ligand de NCS et le Cu. 
 
Figure 17. Variation de MT en fonction de T pour [{Mo(NCS)6}{Cu(3,2,3-tet)MeCN}2]·[Mo(NCS)6]·2PPh4, 1. 
La courbe en rouge correspond à la variation théorique calculée avec les paramètres  JCuMo = -5,9 cm-1, g = 2,01, 
zJ’ = -0.24 cm-1 (H = -JCuMo(S1·S2+S2·S3), en considérant une contribution paramagnétique pour l’unité MoIII 
libre, zJ rend compte des interactions intermoléculaires). 
 
Plusieurs essais d’assemblage ont été réalisés avec d'autres complexes tels que [Mn(2,2'-
bpy)2] 2 +, [Ni(3,2,3-tet)]2 +, [Ni(2,2'-bpy)2]2 + ou encore [CoLN5]2+, ils offrent deux sites de 
coordination possible pour des entités [Mo(NCS)6]. Cependant, seuls des sels ont été isolés 
pour lesquels les complexes 3d et la brique de Mo coexistent dans le cristal, sans liaison 
chimique (Figure 18). 
15 
 
Figure 18. Les sels formés par réaction entre [Mo(NCS)6]3- et divers complexes d’ion 3d 
 
Conclusions 
Les complexes hétérométalliques [Cu-Mo(NCS)6] obtenus impliquent des ions CuII dans un 
environnement octaédrique. L’atome de soufre du ligand thiocyanate occupe un site apical, de 
ce fait la liaison Cu-S est longue (2,70-2,90 Å). Il en résulte des interactions d’échange Cu-
Mo assez faibles (J = -5,9 cm-1 pour le composé 1). Un complexe de cuivre susceptible de 
conduire à une géométrie de type bipyramide trigonale a été envisagé mais les essais n’ont pas 
abouti à un composé caractérisable. 
Les résultats décrits dans ce chapitre soulignent également l’influence du milieu réactionnel, 
en particulier du solvant ou des ions associés aux briques, sur les assemblages formés. La 
compétition entre le solvant (MeCN) et [Mo(NCS)6] pour la coordination aux complexes 3d 
démontre un pouvoir coordinant limité de la terminaison S du métallo-ligand. Les essais 
réalisés dans d’autres solvants n’ont pas conduit à des produits identifiables. 
 
Chapitre V. Préparation et caractérisation d’oligomères et polymères de sels 
de potassium complexés par une base de Schiff bi-
compartimentée.  
 
Une dernière partie de ce travail a concerné la formation d’agrégats polymétalliques par 
association d’un complexe de base de Schiff du Ni ou du Cu avec des sels de potassium. Les 
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bases de Schiff utilisées possèdent deux cavités complexantes (Figure 19). L’une, [N2O2], est 
constituée de deux atomes d’azote (des fonctions imine) et de deux atomes d’oxygène (des 
phénolates), la seconde [O2O2] implique également les O des phénolates ainsi que ceux des 
groupes MeO introduit par l’ortho-vaniline. Pour les métallo-ligands mis en œuvre, les ions 
3d (Ni ou Cu) sont localisés dans la cavité [N2O2]. La seconde cavité sert de site de 
coordination à l’ion alcalin.  
NN
O O
O O
M
NN
O O
O O
Ni
 
Figure 19. Métallo-ligands (à gauche) L3CM (M = NiII, CuII) et (à droite) L2CNi 
 
Les assemblages réalisés entre les métallo-ligands et K+ reposent sur la formation de 
complexes de type sandwich où l’ion alcalin est lié aux atomes d’oxygène des deux cavités 
[O2O2]. La formulation générale d’une telle association est [{LMK}n{LM}]n+. 
Nous avons montré que la nucléarité de l’édifice métallo-ligand–K peut être induite par 
l’anion impliqué dans le système. Par exemple, avec l’anion [Mo(NCS)6]3- des entités tris-
cationiques pontées par cet anion sont obtenues alors qu’avec un mono-anion coordinant plus 
petit tel que NCS- un polymère 1-D est formé (Figure 20).  
 
 
Figure 20. (à gauche) [K3(L3C Ni)4{Mo(NCS)6}]∞ et (à droite) [L3CCuK(NCS)]∞ 
 
La nature du métal alcalin joue un rôle important dans l’assemblage formé. Ainsi la formation 
de complexes de type sandwich n’est plus observée lorsque le potassium est remplacé par le 
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sodium (cf. [K2(L3CNi)3(H2O)][Mo(NCS)6][NEt4]·4CH3CN·H2O et 
[Na(L3CNi)2]2[Mo(NCS)6]NEt4 en figure 21). 
 
 
 
 
 
 
 
 
 
Figure 21. (à gauche) [K2(L3CNi)3(H2O)][Mo(NCS)6][NEt4]·4CH3CN·H2O, (à droite) 
[Na(L3CNi)2]2[Mo(NCS)6]NEt4 
 
Le composé de plus basse nucléarité de cette étude (L2CNiCuOH, Figure 22) présente une 
particularité remarquable. L’empilement cristallin conduit à un solide poreux. La vue le long 
de l’axe c (Figure 22) montre les canaux de section triangulaire dans lesquels sont localisées 
des molécules de H2O. Les groupes hydroxo des KOH se situent sur les parois des canaux. 
Deux OH localisés sur des parois différentes sont distants de 8.92 Å (6.21 Å si les rayons de 
van der Walls des atomes sont pris en compte). Pour ce matériau, le volume vide accessible 
au solvant (H2O) est de 20 %.  
 
Figure 22. L2CNiCuOH : structure moléculaire et empilement cristallin révélant un réseau poreux. 
 
Conclusions 
Les résultats rassemblés dans ce chapitre montrent que l’organisation supramoléculaire 
résultant de l’assemblage de complexes mono-métallés de bases de Schiff bi-compartimentées 
avec des ions K+ peut être modulée par les anions associés. Des oligomères polycationiques 
sont préférentiellement formés en présence d’espèces polyanioniques alors que des 
architectures polymères sont attendues avec des anions capable de jouer le rôle de pont entre 
K+ et l’ion 3d. Dans tous les cas, le schéma d’assemblage entre K+ et le métallo-ligand se 
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fonde sur une association de type complexe-sandwich qui implique la coordination de l’entité 
[O2O2] de la base de Schiff.  
Cette chimie de coordination très simple pourrait permettre d’organiser des complexes de 
base de Schiff afin d’aboutir à des propriétés optiques ou électroniques tributaires 
d’agencements particuliers. 
 
 Conclusion Générale 
Le thiocyanate a rarement été envisagé pour la construction d’aimants moléculaires en raison 
des faibles interactions d'échange obtenues entre deux métaux 3d pontés par ce ligand. Les 
résultats recueillis au cours de notre étude montrent que ce n'est plus le cas si un ion 
paramagnétiques 4d ou 5d est impliqué.  
Notre étude révèle que les complexes [M(NCX)6]2/3- (M = MoIII, ReIV; X = S, Se) peuvent être 
des unités de construction très intéressantes pour la conception de matériaux magnétiques 
hétérométalliques caractérisés par des fortes interactions d’échanges. Ceci est suggéré par la 
distribution de densité de spin calculée pour les briques [MoIII(NCS)6]3- ou [ReIV(NCS)6]2- qui 
indique clairement qu'une quantité importante de spin est transférée du métal à l’atome S. Par 
ailleurs, nos calculs indiquent que la délocalisation du spin du métal vers le ligand est 
sensiblement plus grande pour les ReIV par rapport à MoIII. Les interactions d'échange entre 
MoIII et un ion 3d (NiII, CoII) trouvées pour une série de complexes hétéro-métalliques 
révèlent que le couplage est du même ordre que ceux connus pour les systèmes {4d-3d} 
pontés par le ligand cyanure. 
Des briques tels que [MoIII(NCS)6]3- et [ReIV(NCS)6]2- possèdent plusieurs caractéristiques 
très intéressantes et permettent de compléter la palette dont dispose le chimiste pour concevoir 
des matériaux magnétiques.  
1. En raison de la participation des orbitales  du S à la liaison M-SCN, le schéma de 
recouvrement avec les orbitales magnétiques d’un ion donné conduira à une 
interaction d’échange de signe opposé à celui obtenu avec le ligand cyanure.  
2. Le caractère mou de l'atome de soufre mène à la coordination préférée à des ions 
métalliques mous; une sélectivité peut donc être anticipée dans une réaction qui 
impliquerait des ions métalliques différents. Nous avons utilisé cette 
caractéristique pour la construction rationnelle de composés trimétalliques et à 
valence mixte. A partir d’un mélange NiII-CoIII ou CoII-CoIII, seuls les ions M2+ ont 
été impliqués dans une liaison avec le metallo-ligand. 
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3. La brique [MoIII(NCS)6]3-, avec ses six NCS pointant dans les trois directions de 
l'espace, apparaît également parfaitement adaptée pour la construction de réseaux 
étendus.  
Nous n'avons pas réussi à caractériser un polymère de coordination 3-D, mais des 
architectures hétérométalliques 2-D ont été obtenues. L’une est un ferri-aimant caractérisé par 
une température critique TC = 40 K. Il s’agit du premier aimant jamais réalisé avec NCS 
comme seul ligand pontant, et il se positionne parmi les aimants 2-D de plus haute TC. En 
outre, cette brique permet également la construction de composés hétérométalliques discrets 
ou 1-D. 
En résumé, nous avons démontré que les composés tels que [MoIII(NCS)6]3- et [ReIV(NCS)6]2- 
peuvent certainement être considérés comme des unités de construction intéressantes pour 
l’élaboration de matériaux magnétiques moléculaires aux performances améliorées. Une 
perspective pour le développement de cette étude est d'appliquer les connaissances acquises à 
la construction d'édifices hétéro-métalliques fonctionnels tels que des aimants (3-D) ou des 
nano-aimants. 
 
A ce jour, ce travail a donné lieu à deux publications :  
1. Substantial exchange coupling for {Mo-NCS-M} combination: Illustration for 1-D 
[{Mo(NCS)6}{NiL}2(NCS)]n. 
Maliheh Mousavi, Virgine Béreau, Cédric Desplanches, Carine Duhayon et Jean-Pascal Sutter. 
Chem. Comm., 2010, 46, 7519-7521 DOI: 10.1039/c0cc02498h 
 
2. Oligomeric and polymeric organizations of potassium salts with compartmental Schiff-base 
complexes as ligands 
Maliheh Mousavi, Virginie Béreau, Jean-Pierre Costes, Carine Duhayon et Jean-Pascal Sutter. 
CrystEngComm., 2011, 13, 5908-5914 DOI: 10.1039/C1CE05127J 
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I. General introduction  
Two decades ago in 1985 Miller and Epstein prepared the first molecule-based magnet, 
[FeCp*]+[TCNE]- (TCNE stands for  (NC)2C=C(CN)2), this compound undergoes ferromagnetic 
ordering below TC = 4.8 K. 1 After this major discovery the field of molecular magnetism has 
attracted an ever increasing interest by chemists and physicists. Many magnets with various 
characteristics have been reported during the two decades following the report by Miller and 
Epstein. In 1993, the unique magnetic behavior of [Mn12O12(CH3COO)16(H2O)4] lead to the concept 
of Single Molecule Magnet (SMM) which characterizes a discrete molecular compound with a 
magnetic behavior reminiscent to that of a 3-D magnet.2,3 More recently conducting magnets,4 light-
triggered magnets,5-11 or porous magnets with guest orchestrated properties12-23 have been achieved.  
 
Scheme 1. [Mn12O12(CH3COO)16(H2O)4] 
 
Molecule-based magnets are a series of materials which have magnetic properties comparable to the 
conventional (inorganic) magnets. Most traditional magnetic materials are pure metals (Fe, Co, Ni) 
or metal oxides (CrO2). In molecule-based magnets, molecules are the building blocks of the 
structures. These building blocks are organic molecules, coordination compounds or a combination 
of both. In Molecule-based magnets, the unpaired electrons in paramagnetic ions are resident of d or 
f orbitals. 
For this family of compounds, one of the problems still of concern is the rather low temperature 
domain in which this materials express their magnetic properties. Recently 4d and 5d ions were 
envisaged for solving this limitation. For 4d or 5d metal ions an increased amount of spin is 
transferred from the metal to the ligand. This is anticipated to lead to enhanced magnetic interaction 
between two paramagnetic metal ions linked by that ligand. This was indeed found for several 
magnetic supra-molecular hetero-metallic systems using second and third row transition metal 
ions,12, 24-28 and several magnets involving these ions exhibit ordering temperature above 100 K.19, 
29-31 The ability of spin transfer and the related strength of the exchange interaction have been 
shown experimentally to follow the trend 5d > 4d >> 3d for cyano-bridged systems. 28 
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II. Cyano-bridged Molybdenum (III) heterometallic compounds  
Several hetero-metallic magnets involving building units of paramagnetic 4d metal ion MoIII have 
been prepared. The construction of these magnetic networks is obtained by cyano group as a bridge, 
which facilitates the association between two given spin centers. The family of Prussian blue 
derivatives formed with [MoIII(CN)7]4-  and 3d metal ions is briefly described below. 
 
Two phases of the bimetallic Mn2(H2O)5Mo(CN)7,nH2O (n = 4, 4.75) (Scheme 2, 3) compound 
have been reported to order at TC = 51 K. Interaction occur between low-spin Mo3+ (S = ½) and 
high-spin Mn2+ ions (S = 5/2) through the cyano bridge.32, 33 The exchange interaction parameter, J, 
between Mo3+ and Mn2+ ions in this compound was estimated to be ferromagnetic with J = 6.3 cm-1. 
Latter investigations showed that the Mo-Mn exchange is actually antiferromagnetic.34 It was also 
shown that a variation of the water molecules in structure leads to a shift of TC toward higher 
temperatures.35 
 
                       
           Scheme 2. Mn2(H2O)5Mo(CN)7·4.75H2O                              Scheme 3.  Mn2(H2O)5Mo(CN)7·4H2O 
 
Fe2[MoIII(CN)7],8H2O (Scheme 4) was formed and its magnetic characteristics was compared with 
[Fe2(H2O)4][MoIV(CN)8],4H2O. The magnetic behavior for Fe2[MoIII(CN)7],8H2O below 65 K 
indicates a ferrimagnetic comportment with a MoIII-FeII antiferromagnetic interaction. 36 
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Scheme 4. [Fe2(H2O)4][MoIV(CN)8]·4H2O 
                                                                                  
Another example of network formed with [Mo(CN)7]4- and Mn is 
[N(CH3)4]2[Mn(H2O)]3[Mo(CN)7]2·2H2O (Scheme 5) that is formed in the presence of 
tetramethylamonium cations. This compound is a magnet with TC = 86 K.37 
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Scheme 5. [N(CH3)4]2[Mn(H2O)]3[Mo(CN)7]2·2H2O 
 
In 2003 the influence of geometry of the coordination sphere of the 3d center on the magnetic 
properties was demonstrated to have a major effect on TC.  
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An increase by 25 K of TC has been found for a variation of the coordination sphere of Mn from 
hexacoordinated to penta- and further to tetra-coordination. [Mn2(tea)Mo(CN)7].H2O and 
[Mn2(tea)Mo(CN)7], (Scheme 6 ,7) with respectively penta- and tetracoordinated Mn, exhibit 
magnetic ordering at TC = 75 and 106 K respectively. 29 
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              Scheme 6. [Mn2(tea)Mo(CN)7]·H2O                                       Scheme 7. [Mn2(tea)Mo(CN)7] 
 
The role of hydrogen bonding of the water molecules in Mn2(H2O)5[MoIII(CN)7]·nH2O (n=4, 4.75) 
and Cat2[Mn(H2O)n]3[Mo(CN)7]2·mH2O (Cat = K+, NH4+, N(CH3)4+) self-organization networks, 
were examined in 2004 by Joulia Larionova et al. Water molecules influence the stability of 
supramolecular organisation, which may be modulated simply by flexible molecular structures. In 
addition these networks with the water molecules will have different structures. Because of 
dependence of the magnetic properties to structure, these cyanomolybdate derivatives demonstrate 
different magnetic behaviors. 34 
                                                
In 2007 magnetic behaviour of the porous [{Mn(HL)(H2O)}2Mn{Mo(CN)7}2]·2H2O (HL = 
protonated N, N’-dimethylalaninol) (Scheme 8) magnet, has been evaluated in presence and 
absence of H2O and the gases of N2, CO2, CO. The ordering temperature of hydrated form is TC = 
85 K but for dehydrated form magnetic ordering occurs at TC = 106 K. This change in the ordering 
temperature is reversible. The origin of the modulation of TC is found in the variation of the number 
of ligands in the coordination sphere of the 3d, as discussed above. 19 Recently, a related open-
framework magnet, [K2Mn5{Mo(CN)7}3], was found to be converted between four TC .20   
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Scheme 8. [{Mn(HL)(H2O)}2Mn{Mo(CN)7}2]·2H2O 
 
A further building block involving MoIII is the hexacyanometalate [Mo(CN)6]3-. Dinuclear 
[Mo2(CN)11]2- (Scheme 9) complex is obtained by assembling of [Mo(CN)6]3- molecular precursor. 
A strong antiferromagnetic coupling is resulted between two MoIII centers.12 
 
 
Scheme 9. Structure of the dinuclear [Mo2(CN)11]5- complex 
 
Two [M(tmphen)2]3[Mo(CN)6]2 (M = Co, Ni) (Scheme 10) trigonal bipyramidal molecule are 
reported by Wang et al in 2010.38 Magnetic studies for these compounds demonstrate a SMM 
behavior with ferromagnetic interaction between MoIII and MII . The metal centers in M3Mo2 
symmetric units are linked through cyanide bridges.  
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Scheme 10. Molecular structure of [M(tmphen)2]3[Mo(CN)6]2  trigonal bipyramidal  
 
 
III. Rhenium (IV) bimetallic compounds 
In the past few years, ReIV has been involved in the construction of chain magnets because of its 
interesting traits:  
a) Its ground state of spin S = 3/2 in an octahedral environment (5d3 ion with three electrons in t2g) 
b) Its large degree of spin delocalization on the ligands which leads to an amelioration of magnetic 
coupling in comparison to magnetic ions of 4d3. 
c) Its strong magnetic anisotropy due to spin-orbital coupling equal 1000 cm-1 in the free ion.  39    
d) In the classification of hard and soft metals, Re IV is borderline ion for association with various 
ligands. 40 
In 2007 the magnetic properties of (NBu4)2[{ReCl4(μ-ox)}2M (Him)2] (M = MnII, CoII, NiII, CuII) 
trimetallic complexes (Scheme 11), are investigated. Magnetic measurement for Re2IIMII 
demonstrate an antiferromagnetic interaction between Re IV and Mn II  and ferromagnetic interaction 
for Co, Ni and Cu. M2+ electronic configurations explain these contributions. Ferromagnetic 
interaction occur between Re and Ni/Cu by the orthogonality of t2g orbital in Re (t2g3eg0) and eg 
orbitals of Ni2+ (t2g6eg2)/Cu2+ (t2g6eg3). In the Re-Co coupling, antiferromagnetic component is 
dominated by ferromagnetic interaction. In Re-Mn, antiferromagnetic contribution increases but 
because of the almost neutral contest between the two contributions, a weak antiferromagnetic 
interaction was observed. 39 
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Scheme 11. (NBu4)2[{ReIVCl4(μ-ox)}2MII(Him)2] (M = Mn, Co, Ni, Cu) 
 
                                                            
The [ReCl4(CN)2]2- unit was found to exhibit high local anisotropy and is capable to lead to strong 
magnetic interaction. For (NBu4)[TpCuReCl4(CN)2] (Scheme 12) ferromagnetic exchange 
interaction in the order of 60 cm-1 have been reported. 41 
 
                                                                   
Scheme 12.    1D-(NBu4)[TpCuReCl4(CN)2] 
 
Jeffrey R. Long and his team have reported strong magnetic coupling between [ReCl4(CN)2]2- unit 
and Mn, Fe, Co and Ni complexes in 1D- (DMF)4MReCl4(CN)2 chain magnets (Scheme 13). 42 
       
Scheme 13.   (DMF)4MReCl4(CN)2 ( M = Mn, Fe, Co, Ni)            
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IV. The thiocyanate ligand 
Thiocyanate can coordinate to metal ion either by its S or its N terminus.–SCN (thiocyanate) and –
NCS (isothiocyanate) linkage in the complexes have been investigated by the infrared, ultraviolet 
and visible spectra studies, demonstrating that the linkage between this ambidentate ligand and first 
row transition and also molybdenum complexes occur through the nitrogen atom. The different 
structures of this ligand in free ion state and its association with metallic ion are shown in following 
scheme. 43 This is in line with the classification of the hard and soft atoms 44, the nitrogen end is 
harder than the sulphur end therefore coordination by N is favoured with hard metal ions. The 
specific characteristic of the S creates a chemical system interesting for selective binding to soft 
metal centers. 
 
Free ion Metal-N bonding Metal-S bonding 
  
            
-N C S   
   
 
 
 
 
     
 
 
V. Thiocyanato-bridged heterometallic compounds  
Exchange interactions between 3d ions via the thiocyanato ligand as bridge are usually weak. The 
only exception is Cr-NCS-M exchange interactions which is strong. 45-47 
Two thiocyanate-bridged chain compounds, (NiL)3[M(NCS)6]2 (M =/Fe(III), Cr(III) and L 
=/5,6,12,13-Me4-[14]-4,11-dieneN4) (Scheme 14), have been reported with Ni complex and hexa 
thiocyanato metalate (III). A Ni complex is crystalized beside of these one-dimensional compounds 
for neutralization of the charge. Magnetic studies of these heteronuclears show antiferromagnetic 
interaction between Ni and Fe/Cr ions. 45 
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Scheme 14. (NiL)3[M(NCS)6]2 (M=/Fe(III), Cr(III)) 
 
A one dimensional Cu complex, [{Cu2(tmen)2NCS(µ-Cu(pba))}(µ-SCN)] (Scheme 15) was 
afforded by reaction of a tri-nuclear CuII complex and NaNCS. Investigation of the magnetic 
behavior on this compound confirmed ferromagnetic interactions between Cu complexes bridged by 
NCS.48 
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Scheme 15. View of the one-dimensional complex [{Cu2(tmen)2NCS(µ-Cu(pba))}( µ-SCN)] 
 
In 1997 bimetallic CoIIMII (M = Mn, Fe, Co) (Scheme 16) complexes bridged by NCS have been 
reported. For these, NCS was found to coordinate to CoII by its S while N is bound to the other 
metal center. Unfortunately the magnetic behaviors as a function of the temperature were not 
described. 49 
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Scheme 16. One-dimensional chain extended by the Mn-NCS-Co linkage 
 
A related 1-D assemblage has been reported for the CuII-NiII pair (Scheme 17). [Cu(oxpn)(μ-
SCN)Ni(H2O)(tmen)]n was found to exhibit strong antiferromagnetic interactions between 3d ions 
but mediated by oxpn.50 
 
Scheme 17. View of the chain of [Cu(oxpn)(μ-SCN)Ni(H2O)(tmen)]n 
 
Heterometallic coordination networks of higher dimensionality are very scarce with NCS as only 
bridging ligand. One example is the 2-D network realized between [Mn(NCS)6]4- and [Cu(en-
Me)2]2+ (Scheme 18); however exchange interactions between the paramagnetic centers are very 
weak.51 To the best of our knowledge, no 3-D structure has been reported. 
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Scheme 18. View of one part of the 2-D network realized between [Mn(NCS)6]4- and [Cu(en-Me)2]2+.51 
 
Finally, it can be stressed that exchange interaction between paramagnetic 3d ions bridged by NCS 
are usually weak. The strongest interactions reported involve CrIII-NCS-Ni derivatives for which 
antiferromagnetic coupling in the order of 20 to 25 cm-1 (based H = -JS1S2-type Hamiltonian) have 
been found.46, 47 
 
VI. Objective of current work 
The study undertaken in this thesis concerns the evaluation of the performance of the thiocyanate in 
molecular magnetism when associated to a 4d or a 5d metal ion. The primary objective of this work 
is using [M(NCQ)6]3-,2- (M = MoIII, ReIV, Q = S, Se) building blocks for preparation of 3d-4(5)d 
heteronuclear compounds and study their magnetic properties.  
Because the thiocyanate ligand was found to poorly mediate exchange interactions between 3d 
metal ions, it has been seldom used as bridging ligand in molecular magnetism. 45-47, 52-57 The 
efficient of this bridge when combined to paramagnetic 4d or 5d ions remained unexplored. 
 
    Scheme 19.    Distribution of spin density for [Mo(NCS)6]3-. The spin density distribution shows positive density (in 
grey) for sulphur and carbon and negative (in blue) for N.  
 
32 
 
The starting point of this work was a theoretical investigation by DFT calculations of [Mo(NCS)6]3- 
that revealed a spin density on the peripheral S atoms is in the order of that known for the 5d 
cyanometallate [W(CN)8]3-.28 The exchange interaction between [W(CN)8]3- and Ni is about 27cm-1  
so we expected exchange interactions of the same order between [M(NCS)6]3-,2- (M = Mo, Re) and 
the 3d ions. It was therefore important to confirm the results suggested by modelling by obtaining 
quantitative information on the actual exchange interaction that can be expected, and extend the 
investigation to a 5d ion. 
The main stages of our investigations are: 
 To synthesize adapted building block involving 4d (MoIII), 5d (ReIV) metal ions and 
thiocyanate ligand; 
 To investigate in collaboration with Dr. Desplanches the spin density distributions by DFT 
calculations; 
 To obtain heterometallic {3d-Mo} complexes suitable for precise evaluation of the exchange 
interactions; 
 To design, prepare, and investigate the magnetic properties of more elaborate magnetic 
systems formed with [Mo(NCS)6]3- and various 3d metal complexes as building units. 
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CHAPTER 1 
 
[Mo(NCS)6]3-, [Mo(NCSe)6]3-, and 
[Re(NCS)6]2-: Potential Building Units 
in Molecular Magnetism 
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1.1. INTRODUCTION 
Second and third row transition metal ions are increasingly used as magnetic units in 
the field of molecular magnetism.1-2 An essential motivation for such interest comes from 
some desirable attributes these paramagnetic ions introduce to the physical properties of the 
magnetic materials. Of particular interest is the stronger exchange interaction that can be 
obtained with these spin carriers because of their spatially more extended valence orbitals 
(which encompass the magnetic orbitals) as compared to 3d ions.3-12 The temperature domain 
in which the collective properties of a magnetic system are expressed is closely related to the 
strength of the exchange interactions between its spin carriers. Most of the molecule-based 
magnets with an ordering temperature (TC) above 100 K involve 4d or 5d spin carriers.3,13-17 A 
further characteristic features of 4d and 5d ions is the quite important magnetic anisotropy 
they may exhibit for some electronic configurations.18-21 Especially the contribution of spin-
orbit coupling becomes much more significant. As a result, anisotropic exchange interactions 
are operative thereby creating macroscopic anisotropy.22-25 Finally, the 4d and 5d ions are 
characterized by a coordination sphere with an incomparable versatility. Besides 
hexacoordination, they may also adopt hepta- or octacoordinated surrounding and exhibit 
various geometries related to these coordination spheres. 
The heterometallic systems involving 4d or 5d metal ions described so far almost exclusively 
use the cyanide ligand as bridge between the spin carriers. Only a very few example of 
heteronuclear compounds with other bridging ligands have been reported. These are either 
oxalate or halides.12,21,26-32 We may also mention here that some compounds involving organic 
radicals are known.15,33-36 It could be recalled that the bridging ligand plays a prominent role 
in the hetero-spin architecture properties (i.e. sign and strength of the exchange interaction); it 
also contributes to the chemical features (geometry, assembling preferences, etc). Moreover, 
the ligand may also dictate the geometrical and/or magnetic features of the building unit (ex. 
spin state). Herein we have evaluated the thiocyanate (NCS-) in association with 4d or 5d ions 
as possible building units, with a special emphasis on the capability of this bridging ligand to 
mediate efficiently exchange interactions.  
The thiocyanate has been quite seldom used as bridging ligand in molecular magnetism, most 
certainly because of the weak exchange interactions it mediates between 3d ions.37-48 The only 
exception is in association with CrIII where stronger Cr-NCS-M exchange interactions have 
been found.37,40,49 The efficiency of this bridge when combined to paramagnetic 4d or 5d ions 
remained unexplored.  
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We report here on a series of qualitative and quantitative insights showing that significant 
exchange interactions can be anticipated when this ligand is involved in combination with a 
4d or a 5d metal ion. The building units we have considered are [MoIII(NCS)6]3-, 
[MoIII(NCSe)6]3-, and [ReIV(NCS)6]2-. Our interest for these compounds was motivated by the 
fact that MoIII and ReIV have octahedral surroundings,50-51 hence they exhibit a S = 3/2 spin 
ground state whereas the cyanometalate homologues, [M(CN)7]n- (with n = 4 and 3 for M = 
Mo and Re, respectively) have S = ½. Furthermore, the chemical features of the S atom at the 
periphery should induce coordination preferences. Indeed, this soft atom preferably binds soft 
metal ions, i.e. low oxidation state ions, either of the right-hand side of the periodic table of 
the elements or of heavier metals,52-53 and its bond to them involves the -orbitals which also 
bear the delocalized spin density. 
Earlier studies have shown that moving from a 4d to a 5d ion may significantly enhance the 
exchange interaction with the spin carrier connected to a metalloligand.4 Therefore we have 
considered both the MoIII and the ReIV to evaluate the benefit with the heavier ion. Following 
the same idea we have considered the possibility to strengthen the exchange interaction by 
involving by replacing NCS by NCSe. For the latter, the atoms at the periphery of the 
building unit possess more diffuse valence orbitals (i.e. Se versus S) that could lead to an 
enhanced overlap with the incoming metal ions. 
A first insight in to the capability of the building unit to lead to sizeable exchange interaction 
was obtained by evaluating the degree of transfer of the magnetic information from the metal 
on to the thiocyanate or selenocyanate ligands. This was obtained from DFT calculations of 
the spin distributions for these complexes. Quantitative information on the strength of the 
exchange interactions have been deduced from the magnetic behavior of heterometallic 
species synthesized with these building units.  
 
1.2. EXPERIMENTAL SECTION  
All the syntheses were accomplished under a Nitrogen atmosphere. The chemicals were 
bought from commercial sources and used as received. The deoxygenated solvents were 
prepared by reflux under a Nitrogen atmosphere. The starting materials K3Mo(NCS)654, 
(NEt4)3Mo(NCS)655, (NEt4)3Cr(NCS)6,56, K2ReCl6,57, [CoIILN4](ClO4)258, 
[NiLN4(H2O)2](ClO4)259 were prepared as described in the literature. Elemental C, H and N 
analyses were performed on a Perkin-Elmer 2400 II analyser on freshly prepared and isolated 
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samples. IR spectra were recorded in the 4000-600 cm-1 region with a Perkin-Elmer Spectrum 
100 FTIR using the ATR mode. Magnetic measurements were carried out with a Quantum 
design MPMS 5S SQUID susceptometer in the temperature domain 2-300 K in an applied 
field of 1000 Oe. The molar susceptibility was corrected for sample holder and for the 
diamagnetic contribution of all the atoms by using Pascal’s tables. The measurements were 
performed on crushed crystals from freshly isolated samples to avoid solvent loss. The 
powders were mixed to grease and put in gelatin caps. 
1.2.1. Synthesis of (PPh4)3Mo(NCS)6·2MeCN, 2. 
K3Mo(NCS)6, 1 (0.50 g; 0.97 mmol) was added to a solution of PPh4Cl (2.0 g; 5.3 mmol) in 
H2O (50 mL). After 45 min of stirring, the suspension was filtered, and the light yellow solid 
washed with H2O (10 mL) followed by Et2O (10 mL). This solid was then dissolved in a hot 
(65°C) solution of PPh4Cl (0.24 g; 0.65 mmol) in CH3CN (25 mL) and kept at 4°C for 24 h 
yielding yellow crystals.  
Yield : 1.25g (80%) 
IR (ν, cm-1): 3055 (w), 2891 (w), 2287 (w), 2054 (s), 1585 (m), 1483 (m), 1435 (s), 1335 
(w),1316 (w), 1187 (w), 1164 (w), 1106 (s), 1027 (w), 996 (s), 962 (w), 825 (m), 758 (m), 
719 (s), 685 (s). 
Elemental Analysis 
Calculated (found) for C78H60N6P3S6: C, 64.05 (63.95) %; H, 4.13 (3.74) %; N, 5.75 (5.99) %· 
1.2.2. Synthesis of (NEt4)3Mo(NCSe)6, 3. 
This compound is obtained by an adapted procedure following a reported prepapration.60 
(NH4)3MoCl6 (500 mg; 1.37 mmol) was dissolved in 5 mL of H2O and added drop by drop in 
an aqueous solution of KNCSe (1.58 g; 0.011 mol). The resulting solution was stirred for 1h 
at ambient temperature. A small amount of a brown precipitate appeared so the suspension 
was filtered and the filtrate was evaporated to dryness. The residue was dissolved in 20 mL 
dried MeOH, a pale yellow solution was obtained. NEt4Br (1.5g; 7.1 mmol) (excess) was 
added in this solution, immediately a yellow precipitate appeared. After 10 min, the 
suspension was filtered and the compound was washed with 10 mL MeOH and 10 mL Et2O. 
Yield : 1.1 g (72%) 
IR (ν, cm-1): 2982 (w), 2035 (s), 1483 (m), 1437 (s), 1392 (w), 1305 (w), 1183 (m), 1173 (m), 
1031 (w), 1001 (m), 888 (w), 785 (m), 658 (m) 
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Elemental Analysis 
Calculated (found) for C30H60N9MoSe6·0.5CH3CN: C, 32.74 (32.44) %; H, 5.45 (5.49) %; N, 
11.70 (11.76) %· 
1.2.3. Synthesis of (PPh4)3Mo(NCSe)6·MeCN, 4. 
(NEt4)3Mo(NCSe)6, 3 (200 mg; 0.179 mmol) dissolved in 6 mL of CH3CN was slowly added 
to a solution of PPh4Cl (2 g; 5.3 mmol) in 50 mL of H2O. A yellow precipitate appeared. The 
suspension was stirred for 30 min. and filtered. The yellow solid was washed with H2O 
followed by Et2O and was dried under vacuum. A first purification of this compound was 
accomplished by dissolving the crude yellow solid in CH3CN and by adding this solution into 
a saturated aqueous solution of PPh4Cl. Then crystallization was performed by dissolving in 
hot CH3CN the yellow solid obtained in the first purification. The solution was stored in the 
fridge for 1 day allowing the formation of yellow crystals. 
Yield: 190 mg (60%) 
IR (ν, cm-1): 3053 (w), 2046 (s), 1705 (m), 1585 (w), 1483 (m), 1434 (s), 1339 (w), 1316 (w), 
1107 (s), 1026 (w), 996 (s), 756 (m), 720 (s), 689 (s)  
Elemental Analysis 
Calculated (found) for C78H60N6MoP3Se6.CH3CN: C, 53.83 (53.73) %; H, 3.56 (3.80) %; N 
5.50 (5.59) %· 
1.2.4. Synthesis of [{K(H2O)2}742{Re(NCS)6}], 5. 
The synthesis of [{K(H2O)2}2{Re(NCS)6}] was adapted and improved from a published 
procedure.74 
KSCN (8 g; 82.26 mmol) was melted at 200°C in an oil bath under nitrogen. Then K2ReCl6 (1 
g; 2.1 mmol) was added in the KSCN melt. The mixture was cooled down to room 
temperature after 50 min of vigorous stirring. After addition of EtOH to the solid mixture 
obtained after cooling, the KCl formed during the reaction was removed by filtration. The 
brown filtrate was evaporated to dryness. The crude K2Re(NCS)6 obtained was dissolved in a 
minimum of THF to remove the excess of KSCN by filtration. This purification was repeated 
several times, yielding 1.15 g (90%) of 5. Finally a crystallization was performed by 
dissolving crude K2Re(NCS)6 (200 mg; 0.29 mmol) in 3-4 mL H2O. This solution was cooled 
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down in an ice bath, the obtained brown crystals of 5 were collected and washed two times 
with the minimum of cold water. Crystallization yield: 135 mg (70 %) 
IR (ν, cm-1): 3594 (m), 3544 (w), 3520 (w), 2978 (w), 2922 (w), 2349 (w), 2053 (m), 1996 
(s), 1940 (s), 1738 (w), 1657 (w), 1604 (m), 1259 (w), 1096 (w), 1023 (w), 956 (w), 878 (w), 
865 (w), 800 (w), 747 (w), 667 (w). 
Elemental Analysis  
Calculated (found) for C6N6K2ReS6.3H2O: C, 10.81 (10,95) %; H, 0.91 (0.79) %; N, 12.60 
(12.41) %· 
1.2.5. Synthesis of (PPh4)2Re(NCS)6·MeCN, 6. 
An aqueous solution of PPh4Cl (1.64 g; 5.84 mmol) was added drop wise to an aqueous 
solution of K2Re(NCS)6 (200 mg; 0.292 mmol). Immediately a brown precipitate appeared. 
This compound was filtrated and washed with H2O, EtOH, and finally with Et2O. The solid 
was dissolved in CH3CN and this solution was added to an aqueous solution of PPh4Cl. The 
resulting solid was filtrated and washed with H2O, EtOH, and with Et2O.  
Yield: 275 mg (76%) 
Crystallization was performed by dissolving (PPh4)2Re(NCS)6 (230 mg; 0.19 mmol) in 
acetone. Brown crystals were formed by slow evaporation of the solvent. The collected 
crystals were washed with the minimum of acetone and Et2O. 
Yield: 80 mg (34 %) 
 IR (ν, cm-1): 3056 (w), 2987 (w), 2103 (w), 2005 (s), 1848 (w), 1771 (w), 1585 (m), 1482 
(m), 1435 (s), 1337 (w), 1314 (w), 1221 (w), 1185 (w), 1165 (w), 1105 (s), 1071 (w), 1027 
(w), 996 (m), 971 (w), 844 (w), 752 (m), 719 (s), 686 (s). 
Elemental Analysis  
Calculated (found) for C54H40N6P2Re1S6.H2O: C, 52.66 (52.86) %; H, 3.43 (3.20) %; N, 6.82 
(7.00) %· 
1.2.6. Synthesis of [{Cr(NCS)6}{NiLN4}2(NCS)]n·MeCN, 7. 
(NEt4)3Cr(NCS)6 (48 mg; 0.06 mmol) and KSCN (8 mg; 0.06 mmol) were dissolved in 10 mL 
CH3CN. This solution was carefully added over a solution of [NiL
N4(H2O)2](ClO4)2 (62 mg; 
0.12 mmol) in 10 mL CH3CN. After several days of inter-diffusion of the solutions black 
crystals were collected.  
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Yield : 44 mg (65 %) 
IR (ν, cm-1): 3214 (w), 2910 (w), 2134 (w), 2075 (s), 1615 (m), 1581 (m), 1471 (w), 1421 
(m), 1385 (w),1353 (m), 1303 (w), 1271 (m), 1260 (m), 1242 (w), 1204 (m), 1131 (w), 1073 
(m), 1044 (m), 1009 (m), 969 (w), 907 (m), 880 (m), 823 (w), 807 (m), 743 (m), 728 (w). 
Elemental Analysis 
Calculated (found) for C37H44N15S7Cr1Ni2.CH3CN: C, 41.32 (41.54) %; H, 4.18 (3.95) %; N, 
19.77 (19.60) %· 
1.2.7. Synthesis of [{Mo(NCS)6}{NiLN4}2(NCS)]n·MeCN, 8. 
A solution of [NiLN4(H2O)2](ClO4)2 (92 mg; 0.18 mmol) in CH3CN (10 mL) was layered with 
a solution of K3Mo(NCS)6 (55 mg; 0.09 mmol) and KNCS (8.7 mg; 0.09 mmol) in MeCN (10 
mL), and the solutions allowed to slowly inter-diffuse. After two days, deep-brown crystals 
were obtained 
Yield: 80 mg (79 %)  
IR (ν, cm-1): 3211 (w), 2908 (w), 2109 (w), 2052 (s), 1615 (w), 1580 (m), 1471 (w), 1421 
(m), 1386 (w), 1353 (m), 1303 (w), 1270 (m), 1260 (m), 1242 (w), 1204 (m), 1145 (w), 1132 
(w), 1072 (m), 1044 (m), 1009 (m), 965 (w), 907 (m), 880 (w), 829 (w), 806 (m), 742 (m), 
728 (w).  
Elemental Analysis 
Calculated (found) for C37H44N15S7Mo1Ni2.CH3CN: C, 39.77 (39.82) %; H, 4.02 (3.64) %; N, 
19.03 (19.21) %· 
1.2.8. Synthesis of [{Mo(NCSe)6}{NiLN4}2(NCS)]n·MeCN, 9. 
(NEt4)3Mo(NCSe)6(100 mg; 0.089 mmol) was dissolved in 9 mL CH3CN. A solution of 
[NiLN4(H2O)2](ClO4)2 (91.8 mg; 0.178 mmol) in 10 mL CH3CN was carefully layered over 
the Mo solution. 1mL of an aqueous solution of KSCN (600 mg; 6.18 mmol) was added at the 
bottom of that flask. After 3 days, orange crystals of 9 were collected. 
Yield: 43 mg (33 %) 
IR (ν, cm-1): 3195(w), 3066 (w), 2936 (w), 2917 (w), 2866 (w), 2735 (w), 2105 (m), 2043(s), 
1613 (m), 1580 (m), 1467 (m), 1420 (m), 1384 (w), 1353 (m), 1304 (w), 1270 (m), 1261 (m), 
1242 (w), 1203 (m), 1131 (w), 1072 (m), 1044 (m), 1008 (m), 945 (w), 907 (m), 832 (w), 804 
(m), 741 (m), 728.1 (w), 664 (m). 
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Elemental Analysis 
Calculated (found) for C37H44N15S1Se6Mo1Ni2.CH3CN: C, 32.10 (32.15) %; H, 3.25 (2.79) %; 
N, 15.36 (15.34) %· 
1.2.9. Synthesis of [{Mo(NCS)6}{CoLN4}2(NCS)]n·MeCN, 10. 
(NEt4)3Mo(NCS)6(50 mg; 0.059 mmol) and KSCN (6 mg; 0.059 mmol) were dissolved in 9 
mL CH3CN and 1 mL H2O. A solution of [CoL
N4](ClO4)2 (62 mg; 0.118 mmol) in 10 mL 
CH3CN was carefully layered over the previous solution. After several days, black crystals of 
10 were collected.  
Yield : 44 mg (65 %) 
IR (ν, cm-1): 3178 (w), 2912 (w), 2089 (m), 2049 (s), 1569 (w), 1422 (m), 1358 (m), 1323 
(m), 1281 (m), 1210 (m), 1147 (m), 1076 (m), 1053 (m), 931 (m), 892 (m), 802 (m), 744 (m) 
Elemental Analysis 
Calculated (found) for C37H44N15S7Mo1Co2: C, 39.08 (39.20) %; H, 3.90 (4.15) %; N, 18.48 
(18.69) %·  
1.2.10. Crystal structures determination 
X-Ray diffraction data for the crystals were collected at 180 K (compounds 2, 4, 5, 7a, 7b, 11 
and 12), at 150 K (8), at 110 K(9) or at 100 K (10) on a Bruker Apex2 or an Oxford 
Diffraction Gemini diffractometer using a graphite-monochromated Mo K radiation source 
(λ=0.71073 Å) for all compounds excepting cpd 10. Data for cpd 10 were collected on an 
Apex2 Quazar diffractometer using a Microfocus X-ray Source (Mo K radiation). 
The structures were solved by direct methods using SIR9261 or SUPERFLIP,62 and refined by 
means of least-square procedures on F using the programs of the PC version of 
CRYSTALS.63 Multiscan absorption corrections were applied. Atomic scattering factors were 
taken from the International tables for X-ray crystallography.64 All non-hydrogen atoms were 
refined anisotropically. Hydrogen atoms were refined with riding constraints. 
Crystallographic and refinement data are given in Tables 1.1, 1.4 and 1.5. For compound 8, 
the tetraethylammonium is disordered, the nitrogen atom of the cation lies on an inversion 
center. The asymmetric unit contains only two disordered ethyl group. The symmetry element 
generate the two other ethyl groups. 
 
1.2.11. Computational Methodology 
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All the calculations were performed using the Gaussian03 code.65 The DFT calculations were 
performed using the unrestricted hybrid B3LYP functional.66-67 The D95 Dunning-Huzinaga 
valence double-basis set68has been used for C and N atoms whereas the LANL2DZ small-
core Hay-Wadt pseudopotential69-71 has been used for S and Mo atoms (LAND2DZ keyword 
in Gaussian). The reported spin densities have been obtained through the Mulliken approach. 
The calculation on the [M(NCS/(Se)] units have been performed for experimental geometries 
at crystallographic coordinates.  
 
1.3. RESULTS AND DISCUSSION 
1.3.1. The building units: [MoIII(NCS)6]3-, MoIII(NCSe)6]3-, and 
[ReIV(NCS)6]2-. 
I. Synthesis: K3[Mo(NCS)6], 1, is known since a long time, one of its first preparation has 
been described 100 years ago.72 Since then several other synthesis procedures have been 
reported as well as some other salts.54,73 The phosphonium derivative (PPh4)3[Mo(NCS)6], 2, 
was not reported, it has been prepared from 1 by simple cation metathesis (Scheme 1.1). A 
synthesis for the selenocyanate derivative, (NMe4)3[Mo(NCSe)6], was described but with very 
poor yields.55 We succeeded in the preparation of (NEt4)3[Mo(NCSe)6], 3, by an improved 
procedure, and its phosphonium homologue 4, was also prepared. The hexathiocyanato-
rhenium(IV) is well documented. [Re(NCS)6]2- salts of Cs+,74 NR4+,51,75-77 PPh4+,78 
AsPh4+,75,79 among others, are reported, and structural characterizations have been 
performed.51,76,78-79 Surprisingly, we could not find a preparation for the potassium derivative, 
which however is an intermediate in the synthesis of several other salts. Tackling this point 
revealed that K2[Re(NCS]6 is difficult to purify from traces of KNCS. However, pure 
K2[Re(NCS)6], 5, could be obtained in good yield (70%) by extraction procedures with THF. 
The compound was then easily crystallized from a H2O solution. The corresponding 
(PPh4)2[Re(NCS)6], 6,78 was obtained from 5 by cation metathesis.  
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Scheme 1.1. Preparation of the building units used in this study. 
 
The IR spectra for these compounds are characterized by a strong band at 2000-2050 cm-1 
corresponding to the CN stretching and a much weaker absorption band around 950 cm-1 that 
is due to the C-S moiety.60,77 It may be stressed that the shape of the CN band spans from very 
sharp for the phosphonium derivative 6 (CN = 2005 cm-1) to very broad for the potassium salt 
5 (CN = 1996 cm-1). Such a broadening might be related to the bonds with the K+ or hydrogen 
bonds with the solvents (H2O) located in the crystal lattice. 
II. Crystal structures: The molecular crystal structures for compounds 2, 4 and 5 have been 
investigated by X-ray diffraction experiments on single crystals. Crystallographic data are 
given in Table 1.1, further details are provided in the experimental section and as supporting 
information (ORTEP plots, bond and angle data).  
Single crystals of (PPh4)3[Mo(NCS)6]·2MeCN, 2, have been obtained by re-crystallization in 
MeCN. Two molecules are found in the asymmetric units, a view is shown in Figure 1.1. No 
noticeable differences are found between the two independent [Mo(NCS)6]3- moieties. They 
exhibit the anticipated octahedral geometry with the six NCS ligands linked to the Mo ion by 
the N atoms. The Mo-N bond distances show no variation, and the Mo-NCS linkages slightly 
deviate from linearity with a mean angle of 175.6° and 173.6° for the Mo1 and Mo2 units, 
respectively (see caption of Figure 1.1). The crystal packing (Figure 1.2) reveals that the 
[Mo(NCS)6] units are rather well isolated from each other by PPh4+ cations. The shortest 
distances between the paramagnetic units are found between S atoms; they exceed 4 Å 
(Figure 1.2). 
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Figure 1.1. (PPh4)3[Mo(NCS)6]·2MeCN, 2. Selected bond lengths (Å) and angles (°) patterning to the anionic 
units: Mo-N, (range) 2.092(1) to 2.113(2); N-C, (range) 1.156(2) to 1.165(3); C-S, (range) 1.616(1) to 1.627(2); 
Mo1-N1-C1, 175.1(1); Mo1-N2-C2, 173.7(1); Mo1-N3-C3, 179.5(1); Mo1-N4-C4, 174.4(1); Mo1-N5-C5, 
178.5(1); Mo1-N6-C6, 172.2(1); Mo2-N7-C7, 172.3(1); Mo2-N8-C8, 172,8(1); Mo2-N9-C9, 174.4(1); Mo2-
N10-C10, 172.4(1); Mo2-N11-C11, 173.1(1); Mo2-N12-C12, 176.2(1). 
 
Figure 1.2. (top) [Mo(NCS)6]3- and its PPh4+ surrounding;·(bottom) organization of the [Mo(NCS)6]3- complexes 
in the crystal, the shortest S···S separations are materialized by dotted lines. Distances (Å): S2···S11, 4.3662(7); 
S5···S8, 4.2999(7); S7···S10, 4.0984(8); S8···S5, 4.2999(7); S10···S7, 4.0984(8); S11···S2, 4.3662(7). 
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Crystalline (PPh4)3[Mo(NCSe)6]·MeCN, 4, was obtained by re-crystallization from MeCN. 
The structure for this compound is very much reminiscent of that found for 2. However the 
asymmetric unit contains a single molecular unit (Figure 1.3). The Mo-N bond lengths are 
similar to those found for 2 and the Mo-NCSe linkages are slightly bend with a mean angle of 
173.6°. As expected, changing S for Se leads to an increase of the bond length with C as a 
result of an enlargement of the ionic radius (1.84 Å for S2- and 1.98 Å for Se2-).80 In the 
crystal the [Mo(NCSe)6] units are rather close with intermolecular Se···Se distances of 
3.3757(4) and 3.7502(4) Å (Figure 1.4). These distances are close or even below the sum of 
the ionic radius of Se suggesting contacts between the atoms. These contacts lead to a ladder-
type organization of the [Mo(NCSe)6] units (Figure 1.4).  
 
Figure 1.3. Molecular structure for (PPh4)3[Mo(NCSe)6]·MeCN, 4. Selected bond lengths (Å) and angles (°) 
patterning to the anionic units: Mo-N, (range) 2.095(2) to 2.115(2); N-C, (range) 1.154(3) to 1.161(3); C-Se, 
(range) 1.770(3) to 1.784(3) ; Mo-N1-C1, 175.7(2); Mo-N2-C2, 175.4(2); Mo-N3-C3, 174.2(2); Mo-N4-C4, 
172.7(2); Mo-N5-C5, 172.7(2); Mo-N6-C6, 171.1(2)°.  
 
Figure 1.4. Organization of the [Mo(NCSe)6]3- complexes in the crystal, the shortest S···S separations are 
materialized by dotted lines. Distances: Se1···Se4(-1+x, y, z), 3.7502(4) Å; Se2···Se2(2-x, 1-y, 1-z), 3.3757(4) 
Å ; Se4···Se1(1+x, y, z), 3.7502(4) Å. 
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[{(K(H2O)2}2{Re(NCS)6}], 5, was crystallized from a H2O solution as deep amber crystals.  
A view of the molecular structure is given in Figure 1.5. Six thiocyanate ligands are bound to 
the Re ion by their N atom to form a quasi perfect octahedral coordination sphere. The Re-
NCS linkages are somewhat bent with a mean angle of 174.9°. The charge of the anionic unit 
is balanced by two K+ cations. Each K+ is eight-coordinated with a coordination sphere 
containing four O atoms of H2O molecules and four S atoms from four [Re(NCS)6]2- units. 
The H2O and two of the S atoms act as bridges between two K+ ions leading to chain 
organizations developing along the c axis (Figure 1.6). Related 1-D organizations of vertex-
sharing polyhedra have been reported for potassium ions.81-82 The [Re(NCS)6]2- complexes 
are connected by their six terminal S atoms to four different K chains, thus developing an 
overall 3-D coordination polymer. This supramolecular organization favors rather close 
packing of the [Re(NCS)6]2- with intermolecular S···S separations of less than 4 Å. Actually 
the six S atoms of a Re unit are involved in such short contacts, hence these propagate in the 
three direction of space as shown in Figure 1.7. We will see below the incidence of these 
contacts on the magnetic properties of compound 5. 
The crystal structure for the phosphonium derivative, 6, has been reported78 and will not be 
described here. For the subsequent magnetic investigation of this compound it is, however, 
important to mention that the intermolecular separation of the [Re(NCS)6]2- units in the crystal 
are quite short with S···S distances of 3.682(4) Å. Four of the NCS are involved in such close 
contacts (see Supporting Information).  
 
 
Figure 1.5. Molecular structure for [{(K(H2O)2}2{Re(NCS)6}], 5. Selected bond lengths (Å): Re-N2, 2.002(2); 
Re-N1, 2.011(2); Re-N3, 2.013(1); and angles (°): Re-N1-C1, 175.8(1); Re-N2, 175.8(2); Re-N3, 173.2(1). 
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Figure 1.6. Crystal packing for [{(K(H2O)2}2{Re(NCS)6}], 5. (top) detail of the potassium arrays. (bottom) 
View of the 3-D network. Selected bond lengths (Å) K-O1, 2.821(2) ; K-O2, 2.780(2) ; K-S1, 3.5297(8); K-S2**, 
3.3426(7); K-S3***, 2.3427(6); K*-O1, 2.915(1); K*-O2, 2.839(2); K*-S3***, 3.3453(6); K···K*, 4.2835(6); and 
angles (°): K-O1-K*, 96.61(5); K-O2-K*, 99,33(5); K-S3***-K*, 78.51(1); S1-K-S2**, 105.73(2). (symmetry 
operations: *x,0.5-y,z; **1-x,-0.5+y, 1.5-z; ***1-x,-0.5+y,0.5+z) 
 
Figure 1.7. View of the propagation of the S···S contacts (< 4 Å, doted lines) in the crystal of 5. The K and H2O 
moieties are not shown for clarity. Depicted contacts (Å): S1···S2(x, 0.5-y, -0.5+z), 3.5470(8); S1···S3(1-x, -
0.5+y, 0.5-z), 3.9415(7); S2···S1(x, 0.5-y, 0.5+z), 3.5470(8); S2···S3(x, y, 1+z), 3.6039(6); S2···S3(1-x, 1-y, 1-z), 
3.9425(6); S3···S2(x, y, -1+z), 3.6039(6); S3···S1(1-x, 0.5+y, 0.5-z), 3.9415(7), S3···S2(1-x, 1-y, 1-z), 3.9425(6). 
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 2 4 5 
Formula C82 H66 Mo1 N8 P3 S6 C80 H63 Mo1 N7 P3 Se6 C6 H8 K2 N6 O4 Re1 S6 
FW 1544.74 1785.05  684.96 
Crystal system Triclinic Triclinic Monoclinic 
Crystal color yellow yellow brown 
Space group P 1 P -1 P 1 21/c 1 
a /Å 12.9236(6) 12.9876(9) 8.29132(8) 
b /Å 13.2332(6) 13.117(1) 15.0296(2) 
c /Å 25.951(1) 24.192(2) 8.5249(1) 
 /° 88.192(2) 95.848(4) 90 
 /° 79.845(3) 92.688(4) 90.885(1) 
 /° 62.372(2) 109.917(4) 90 
V /Å3 3864.0(3) 3839.9(5) 1062.21(2) 
Z 2 2 2 
T /K 180 180 180 
calcd /gcm-1 1.33 1.54 2.14 
 (Mo-K) /mm-1 
F(000) 
Absorption correction 
Tmin 
Tmax 
0.443 
1594.000 
Multi-scan 
0.88 
0.94 
3.124 
1766.000 
Multi-scan 
0.50 
0.54 
6.724 
654.000 
Multi-scan 
0.25 
0.71 
Index ranges 
 
-19 ≤ h ≤ 20 
-21 ≤ k ≤ 19 
-38 ≤ l ≤ 42 
-17 ≤ h ≤ 17 
-18 ≤ k ≤ 18 
-33 ≤ l≤  33 
-12 ≤ h ≤ 12 
-22 ≤ k ≤ 21 
-12 ≤ l ≤ 12 
Reflections collected 214035 112140 118436 
Independent 
reflections (Rint) 
55016 (0.033) 21006 (0.031) 3473 (0.064) 
R1/wR2 0.0277/0.0289 (I >3(I)) 0.0301/0.0311 (I >3(I)) 0.0230/0.0238 (I >3(I)) 
R1/wR2 (all data) 0.0342/0.0369 0.0586/0.0620 0.0331/0.0298 
Table 1.1. Crystallographic data for compounds 2, 4, and 5 
 
III. Spin density and spin populations: a DFT investigation: The MoIII and ReIV ions have a 
d3 electronic configuration. In octahedral geometry these electrons are located in the three 
degenerated dxz, dxy, and dyz orbitals leading to an S = 3/2 spin ground state. These d orbitals 
are anticipated to mix with the  system on the thiocyanate ligands. The DFT calculations 
performed on the [Mo(NCS)6]3-, [Mo(NCSe)6]3-, and [Re(NCS)6]2- units support these 
statements. In Figure 1.8 is depicted one of the three highest occupied molecular orbitals 
(HOMO) for [Mo(NCS)6]3-. The orbital located on the central metal ion is of t2g type and the 
thiocyanates contribute to the HOMO through their -system, especially by  orbitals located 
on C and S. The same picture is obtained for the HOMOs of [Mo(NCSe)6]3- and [Re(NCS)6]2- 
(see Supporting Information).  
The computed spin density distribution is depicted in Figure 1.8. The areas of positive density 
(in grey) have the same shape as the HOMOs. Positive density is found both one the carbon 
and sulfur or selenium atoms of the ligands, and is mainly localized in the  orbitals. In 
addition, some negative spin density is observed on the N atoms as a result of spin 
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polarization. The spin populations have been analyzed using the NBO method.83 The spin 
populations for 1, 2, 4, and 6 are summarized in Table 1.2, detailed data for each compound 
are provided as supporting information. 
 
 
Figure 1.8. (a) One of the three HOMOs, and (b) distribution of the spin density (grey: positive, blue: negative) 
deduced from DFT calculation for the [Mo(NCS)6]3- unit in 2. Same qualitative results have been obtained for 1, 
4, and 6. 
 
 Total spin density (mean value) 
Compound M N C S or Se 
1 Mo: 2.480 - 0.079 0.098 S: 0.068 
2 Mo1: 2.521 -0.077 0.090 S: 0.067 
 Mo2: 2.509 -0.078 0.092 S: 0.068 
4 Mo: 2.474 -0.081 0.100 Se : 0.073 
6 Re: 2.064 -0.045 0.064 S: 0.137 
Table 1.2. Spin density distribution obtained for the [Mo(NCS)6]3-, [Mo(NCSe)6]3-, and [Re(NCS)6]2- units. 
 
The computed spin density distribution follows the anticipated trend. A transfer of the 
magnetic information from the metal to the NCS and NCSe ligands is found even for the most 
distant atoms. For the Mo derivatives, the replacement of the S by Se, located just below in 
the column of the periodic table, has no significant effect on the spin density located on the 
terminal atom. This is not surprising because the atoms close to the metal remain unchanged 
in NCS and NCSe. Moving from Mo to Re significantly increases the spin transferred to the 
ligands. Comparing [Mo(NCS)6]3- and [Re(NCS)6]2- shows notably larger spin densities on 
the S atoms for the 5d derivative, with values almost twice as large as for the 4d compound.   
The spin density located on the ligand may provide an estimation of the capability of the 
ligand to mediate the exchange interaction between the metal ions it bridges. For the 
(a) (b)
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[Mo(NCS)6]3- unit considered in this study the spin density found on the S atoms is 
comparable to the largest density found on the N atoms for [W(CN)8]3-;4 therefore comparable 
exchange coupling strengths can be anticipated. Accordingly, for heterometallic compounds 
involving [Re(NCS)6]2- larger exchange interactions can be anticipated.  
IV. Magnetic properties: The temperature dependence of the molar magnetic susceptibility, 
M, has been investigated between 300 and 2 K for compounds 2, 4, 5, and 6. The results are 
given as MT versus T plots in Figures 1.9 and 1.10. The corresponding field dependence of 
the magnetizations is given as supporting information. The magnetic behaviors for 2, 4, and 6 
are in agreement with the anticipated S = 3/2 spin states, with values of MT close to 1.88 
cm3mol-1K at 300 K. The MoIII and the ReIV are expected to exhibit some Zero Field Splitting 
(ZFS) that may contribute to MT below 50 K. The magnetic behaviors for 2, 4, and 6 have 
been analyzed with the expression of M for an ion with d3 configuration in axially distorted 
octahedral surroundings given by O. Kahn.84 A possible contribution of intermolecular 
interactions was included in the form of a Curie-Weiss parameter . This was required to 
perfectly reproduce the experimental data down to the lowest temperatures investigated. The 
probable occurrence of inter-molecular exchange interactions is supported by the 
intermolecular S···S and Se···Se separations in the crystal (see section I.2 and Supporting 
Information for 6) and the amount of spin density borne by these atoms. The experimental and 
calculated behaviors are shown in Figure 1.9, the resulting best fit parameters are gathered in 
Table 1.3. It is important to stress that the same quality for the fits was obtained for a value of 
D with either positive or negative sign. For [(PPh4)2Re(NCS)6], 6, the D and zJ’ parameters 
are strongly correlated and D is obtained with a large uncertainty. Therefore the provided D 
parameters are given as absolute value; the DC susceptibility measurement on powders being 
not suited to discriminated between positive or negative D. Despite the uncertainty on D it is 
interesting to note that the intermolecular contributions increase significantly from 2 to 6, in 
line with the shortening of the intermolecular distances (i.e. the S···S contacts) but also with 
the increase spin density located on the S atoms at the periphery of the complexes. The 
occurrence of these intermolecular interactions did not allow using magnetization to obtain a 
more accurate evaluation of the actual D for these compounds. 
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Figure 1.9. Experimental (O) and calculated () MT versus T behavior for the phosphonium salts of 
[Mo(NCS)6]3-, [Mo(NCSe)6]3-, and [Re(NCS)6]2-. 
 
Compound g |D| in cm-1 zJ’ in cm-1 
2 1.99 0.79 ± 0.06 -0.327 ± 0.005 
4 1.93 2.51 ± 0.08 -0.52 ± 0.01 
6 1.75 1.5 ± 0.4 -2.74 ± 0.07 
Table 1.3. Best fit parameters deduced from modeling the experimental temperature dependences of MT for 
compounds 2, 4, and 6. The values for D are absolute values (see text). 
 
Compound 5 was found to exhibit a more peculiar behavior as shown in Figure 1.10. The MT 
between 300 and 15 K continuously decreases, reaching 0.10 cm3mol-1K at 14 K, followed by 
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a sharp peak with maximum at 10 K. It can be noticed that the value for MT at 300 K, 1.36 
cm3mol-1K, is much below the value anticipated for an S = 3/2 spin state.  
 
Figure 1.10. Magnetic behavior for [K2Re(NCS)6], 5: (a) temperature dependence of MT recorded with an 
applied field of 1000 Oe; insert: detail on the variation of the low temperature behavior as a function of the 
applied field. (b) experiemental (O) and calculated  Curie-Weiss behavior () for 1/M = f(T); (c) FCM 
recorded with applied fields of 10 and 50 Oe; (d) in-phase AC magnetic susceptibility at different frequencies. 
 
The behavior in the 300-15 K domain is characteristic for substantial antiferromagnetic 
interactions. This was confirmed by fitting the Curie-Weiss equation to the linear part of the 
M-1 = f(T) behavior; best fit parameters found are  = -171 K with C = 1.93 (Figure 1.10b). 
The low temperature peak value was found to be strongly dependent on the applied field 
(Figure 1.10a insert). Such a behavior is characteristic for a weak ferromagnet. This is 
supported by field cooled magnetization (FCM) recorded with an applied field of 10 and 50 
Oe showing the appearance of a spontaneous magnetization below 13 K (Figure 1.10c). 
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Moreover, the in-phase signal (M’) of the AC susceptibility at different frequencies exhibits a 
maximum at 12 K (Figure 1.10d). The weak ferromagnetic state can be attributed to a slight 
deviation from collinear alignment of the local moments of the exchange coupled Re centers, 
a situation resulting from the magnetic anisotropy of this ion. Such spin canting has been 
reported for other ReIV salts.85 The evaluation of the canting angle is given by sin( = 
Mi/MS84 where Mi is the magnetization induced by a very weak field and MS is the 
magnetization at saturation. Taking Mi = 0.092 µB, the value obtained in a M versus H 
investigation at 2K for an applied field of 0 Oe (probably because of a weak remnant field in 
the magnetometer), and MS=S.g (with S=3/2 and g = 1.81), a canting angle of  = 1.9° is 
obtained.  
 
1.3.2. Quantitative evaluation of the thiocyanate mediated exchange 
coupling in heterometallic {Mo-Ni} and {Mo-Co} compounds 
In a further step, we have used these building units to prepare a series of heterometallic 
compounds aimed at providing access to quantitative information on the exchange 
interactions that can be expected. The related compound build with [Cr(NCS)6]3- has also 
been prepared to evaluate the amplitude of the increase of the exchange interaction when 
moving from 3d to 4d, and 5d metal ions. 
I. Preparation and crystal structures of an isomorphous series of [Mo-Ni] and [Mo-Co] 
compounds: The reaction of [Mo(NCS)6]3-, [Mo(NCSe)6]3-, or [Cr(NCS)6]3- and the 
macrocyclic complexes [NiLN4(H2O)2]2+ or [CoLN4(H2O)2]2+ in the presence of free NCS- 
afforded 1-D coordination polymers of formula [{M1(NCX)6}(M2LN4)2}NCS]n (M1 = Cr, Mo; 
M2 = Ni, Co; X = S, Se; see Scheme 1.2). The crystal structures have been investigated 
revealing that compounds 7-10 are isomorphous. Crystallographic data are given in Table 1.4. 
Below we will describe the structure for [{Mo(NCSe)6{NiLN4}2NCS]n, 9, as a representative. 
A view for each the compounds with selected geometric parameters are given in Figures 1.11-
1.14. Further data (ORTEP plots, bond lengths, angles, etc…) can be found as Supporting 
Information. 
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Scheme 1.2. The heterometallic compounds 
 
[{Mo(NCSe)6{NiLN4}2NCS]n·MeCN, 9, crystallizes in the chiral space group P21. The 
compound consists of trimetallic moieties, where two {NiLN4} and one {Mo(NCSe)6} units 
are linked by selenocyanate groups. These {Ni-Mo-Ni} moieties are further interlinked by 
NCS ligands acting as a bridge between the Ni centers developing thus a 1-D organization 
along the b-axis (Figure 1.13). One MeCN molecule per formula unit is found in the crystal 
lattice, it is located between the chains. The presence in the reaction mixture of free NCS- 
anion might be suspected to lead to ligand exchange with the hexaselenocyanate complex. 
However, no sign for ligand scrambling (NCS/NCSe) was detected during the structure 
refinement. This is also supported by the S-Ni bond length that is very similar to those found 
for compounds 7a,b, 8, and 10 whereas the Ni-Se bonds are longer. 
[{Cr(NCS)6{NiLN4}2NCS]n·MeCN has been obtained as two polymorphs. One, 7a 
(monoclinic, P21), is isomorphous to compounds 8-10. The second, 7b (triclinic, P-1), 
exhibits the same molecular arrangement except that the NCS ligand linking two Ni units is 
found upside down along the chain whereas such inversion does not occur for 7a (Figure 
1.11). It can be mentioned that this linkage isomerism has no effect on the exchange 
interactions that may take place between the bridged Ni ions; therefore the existence of two 
polymorphs was not a problem for the envisioned magnetic studies.  
For all compounds, the M-S bond lengths and the M-S-C angles are in agreements with those 
found in the literature.40,49,86-87  
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 7a 7b 8 9 10 
Formula C39 H47 Cr1 N16 
Ni2 S7 
C39H47Cr1N16Ni2S7 C39H47Mo1N16Ni2S7 C39H47Mo1N16Ni2S1Se6 C39H47Co2Mo1N16S7 
FW 1133.79 1133.79 1177.73 1459.10 1178.18 
Crystal system Monoclinic Triclinic Monoclinic monoclinic monoclinic 
Crystal color brown dark violet brown orange dark red 
Space group P 21 P-1 P 21 P 21 P 21 
a /Å 10.3765(7) 10.3918(3) 10.3601(4) 10.5795(7) 10.3237(3) 
b /Å 23.105(1) 11.1412(2) 23.0402(8) 23.600(1) 23.3071(7) 
c /Å 11.1193(8) 23.5140(7) 10.9979(5) 11.0487(7) 10.9865(3) 
 /° 90 89.944(2) 90 90 90 
 /° 109.150(2) 80.115(2) 108.947(4) 107.913(3) 108.503(1) 
 /° 90 70.818(2) 90 90 90 
V /Å3 2518.4(3) 2528.6(1) 2482.9(2) 2624.9(3) 2506.9(1) 
Z 2 2 2 2 2 
T /K 180 180 180 110 100 
calcd /gcm-1 1.50 1.49 1.58 1.85 1.56 
 (Mo-K) /mm-1 
F(000) 
Absorption correction 
Tmin 
Tmax 
1.289            
1170.000         
Multi-scan        
0.77             
0.85 
1.284              
1170.000           
Multi-scan          
0.59               
0.77              
1.342 
1206.000 
Multi-scan 
0.77 
0.82 
5.191 
1422.000 
Multi-scan 
0.41 
0.46 
1.239 
1202.000 
Multi-scan 
0.84 
0.96 
Index ranges 
 
-16 ≤ h ≤13       
-37 ≤ k ≤ 33       
-18 ≤ l ≤ 16 
-14 ≤ h ≤ 14 
-13 ≤ k ≤ 15 
-32 ≤ l ≤ 32 
-15 ≤ h ≤ 15 
-34 ≤ k ≤ 23 
-16 ≤ l ≤ 16 
-13 ≤ h ≤ 16 
-35 ≤ k ≤ 35 
-16 ≤ l ≤ 16 
-13 ≤ h ≤ 13 
-31 ≤ k ≤ 31 
-14 ≤ l ≤ 8 
Reflections collected 38661 30413 27227 69381 52199 
Independent 
reflections (Rint) 
18721 (0.039) 11772 (0.033) 11466(0.062) 18852 (0.029) 12330 (0.066) 
R1/wR2 0.0525/0.0612  
(I  >3(I)) 
0.0691/0.0690      
(I >3(I)) 
0.0500/0.0460      
(I >3(I)) 
0.0538/0.0523          
(I >3(I)) 
0.0459/0.0496        
(I >3(I)) 
R1/wR2 (all data) 0.0638/0.0676 0.0899/0.0727 0.0955/0.0667 0.0668/0.0571 0.0667/0.0650 
Table 1.4. Crystallographic data for compounds 7-10. 
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[Re(NCS)6] [Ni(en)2(MeCN)2], 12 (Figure 1.15). Crystal data for these compounds are 
gathered in Table 1.5. 
 
 
Figure 1.15. Molecular structures for [Re(NCS)6][NiLN4(MeCN)2]·MeCN, 11, and 
[Re(NCS)6][Ni(en)2(MeCN)2], 12. 
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 11 12 
Formula C27 H31 N13 Ni1 Re1 S6 C14 H22 N12 Ni1 Re1 S6 
FW 974.94 795.72 
Crystal system Monoclinic orthorhombic 
Crystal color dark red dark 
Space group P 1 21/c 1 P n a m 
a /Å 17.8576(2) 16.7345(4) 
b /Å 12.1382(1) 13.0884(3) 
c /Å 20.3732(6) 13.2790(3) 
 /° 90 90 
 /° 116.900(2) 90 
 /° 90 90 
V /Å3 3938.2(1) 2908.5(1) 
Z 4 4 
T /K 180 180 
calcd /gcm-1 1.64 1.82 
 (Mo-K) /mm-1 
F(000) 
Absorption correction 
Tmin 
Tmax 
3.905                     
1932.000                  
Multi-scan                 
0.31                       
0.56 
5.264                       
1556.000                    
Multi-scan                   
0.30                         
0.45                         
Index ranges 
 
-24 ≤ h ≤ 24                
-16 ≤ k ≤ 16                
-28 ≤ l ≤ 27 
-21 ≤ h ≤ 22 
-17 ≤ k ≤ 17 
-17 ≤ l ≤ 17 
Reflections collected 90353 32460 
Independent reflections (Rint) 10531 (0.034) 3816 (0.0491) 
R1/wR2 0.0272/0.0321 (I >3(I)) 0.0246/0.0302 (I >3(I)) 
R1/wR2 (all data) 0.0365/0.0371 0.0377/0.0399 
Table 1.5. Crystallographic data for compounds 11 and 12. 
 
II. Magnetic properties: The temperature dependence of the molar magnetic susceptibility 
has been recorded between 300 and 2 K in an applied field of 1000 Oe for compounds 7-10. 
All samples consisted in crashed crystals mixed to grease and hold in a gelatin capsule. The 
magnetic susceptibilities recorded for 7 (i.e. mixtures of 7a and 7b) and 8 are reported in 
Figure 1.16 as MT versus T plots. For 7, the value of 3.68 cm3mol-1K for MT at 300 K (4.30 
cm3mol-1K are anticipated for the uncoupled systems of one S = 3/2 and two S = 1 with gNi = 
2.2) and its steady decrease between 300 and 10 K are characteristic for antiferromagnetic 
interactions. The Mo derivative 8 exhibits a similar behavior with even a smaller value of MT 
at 300 K (3.05 cm3mol-1K) and a plateau value reach already for 20 K. The structural features 
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for these compounds suggest that exchange interactions among the magnetic centers should 
mainly concern the trimetallic {Ni-M-Ni} moieties. Interactions between these units through 
the {Ni-NCS-Ni} linkage are anticipated to be weak.86 The plateau value reached for 7 and 8 
below 10 and 20 K, respectively, is indeed consistent with an S = ½ spin ground state (for gNi 
> 2) resulting from antiferromagnetic Ni-Cr/Mo interactions. Close to 2 K the curve for 7 
shows a slight up-turn that can be attributed to weak ferromagnetic interactions between the 
SCN-linked Ni centers,86 this interaction is not seen for 8. A rational for the sign of the NCS-
bridged {Ni-Cr} and {Ni-Mo} exchange interaction is found in the S-Ni bond which involves 
the -orbitals of the S atom and the eg orbitals of the Ni ion, leading to an overlap between the 
magnetic orbitals of the system.88  
A quantitative analysis of these magnetic behaviors has been performed with MAGPACK89 
by considering only the {Ni-Cr/Mo-Ni} spin arrangement. Best fit to the experimental 
behaviors yielded for 7 JCrNi = -25 cm-1, gMo = 2.0, gNi = 2.22 and for 8 JMoNi = -51 cm-1, gMo = 
2.0, gNi = 2.20 (based on exchange Hamiltonian H = -J(S1S2 + S2S3). These results reveal a 
substantially larger antiferromagnetic Mo-Ni interaction as compared to the Cr-Ni interaction.  
 
 
Figure 1.16. Experimental and calculated () MT versus T for 7 (O) and 8 (). Best fit parameters for 7, JCrNi 
= -25 cm-1, gCr = 2.0, gNi = 2.22; for 8, JMoNi = -51 cm-1, gMo = 2.0, gNi = 2.20. 
 
The magnetic behavior for compound 8 is remarkable for several reasons. It confirms that 
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through the NCS ligand. The interaction for 8, twice as large as for the Cr derivative 
highlights the critical contribution of the 4d metal ion. It can be recalled that, with exception 
of the thiocyanate bridged {Cr-Ni} compounds, the thiocyanate ligand usually leads to rather 
weak exchange interactions when associated to 3d ions. Thus, the fact that exchange coupling 
is significantly increased when this ligand is associated to MoIII opens new perspectives for its 
use in the construction of magnetic materials. It is also interesting to compare the {MoIII-NiII} 
exchange coupling found for 8 with the interaction achieved by octahedral [MoIII(CN)6]3-. For 
the latter, ferromagnetic Mo-Ni interactions of 30 to 35 cm-1 have been reported90-91 which 
shown that the NCS mediates magnetic interactions as efficiently as the CN. 
For compound 9 the overall magnetic behavior (Figure 1.17) is very similar to that found for 
the NCS-homologue 8. The value for MT at 300 K, 3.13 cm3mol-1K, and the temperature of 
20 K for which the plateau is reached are almost same as for 8, suggesting that the strength of 
the Mo-Ni exchange coupling should be close. This is indeed confirm by the simulation of the 
magnetic behavior that yielded for 9 JMoNi = -48 cm-1, gMo = 2.0, gNi = 2.22 (based on 
exchange Hamiltonian H = -J(S1S2 + S2S3). 
 
Figure 1.17. Experimental (O) and calculated () MT versus T for [{Mo(NCSe)6}{(NiLN4)2NCS}] 9. Best fit 
parameters for  JMoNi = -48 cm-1, gMo = 2.0, gNi = 2.22. 
 
The idea behind the selenocyanate derivative was to see if the larger Se atom would lead to a 
more efficient magnetic communication with the Ni ion as a result of better Ni-ligand overlap. 
This approach simply follows what is now well established for the metal ions when changing 
a 3d for a 4d or a 5d ion. Precedents have been reported showing, for instance, that changing 
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O for S in oxalate-type ligands enhances the exchange interactions.92 The magnetic behavior 
obtained for compound 9 shows that this is not the case here. The absence of significant 
modification in the strength of the interaction might be related to the increase of the bond 
length with Ni for 9 with respect to 8 (i.e. 2.719 versus 2.576 Å respectively). Such an 
increase of the bond length is not observed when a CrIII is replaced by MoIII (M-NCS: 2.005 
versus 2.080 Å, respectively). 
The magnetic behavior for [{Mo(NCS)6}{CoLN4}2(NCS)]n, 10, is reported as of MT versus T 
plot in Figure 1.18. Like the Ni derivatives, MT steadily decreases when the temperature is 
lowered to reach a plateau below 50 K revealing an antiferromagnetic MoIII–CoII interaction 
through the NCS ligand. A striking feature of this behavior is the value of 3.0 cm3mol-1K 
found for MT at 300 K. The Curie regime is not attained for this temperature, but the actual 
value is already above that anticipated for {Mo(NCS)6}3- (S = 3/2) and two {CoLN4}2+ with S 
= ½ (i.e. 2.62 cm3mol-1K), CoII being low spin in the starting material58 (see supporting 
information). This suggests that for 10 one Co center has high spin configuration (i.e. S = 3/2) 
whereas second stays low spin. This is in agreement with the low temperature plateau value of 
ca 0.4 cm3mol-1K pointing to a spin ground state of S = ½ for the trimetallic {Co-Mo-Co} 
unit. We may tentatively assign the high-spin electronic configuration to the Co center that 
has two sulfur atoms in its coordination sphere. Indeed, S-coordinated thiocyanate is a weaker 
ligand than N-coordinated thiocyanate, therefore the former situation is more prone to favor a 
high-spin configuration.  
 
Figure 1.18. Experimental (O) and calculated () MT versus T for [{Mo(NCS)6}{(CoLN4)2NCS}] 10. Best fit 
parameters for  JMoCo(LS) = -32.7 cm-1 , JMoCo(HS) = -98.5 cm-1, g = 2.0. 
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A very row estimation of the strength of the exchange interactions occurring in 10 was 
obtained by modeling the magnetic behavior without taking into account the spin-orbit 
coupling that may exist for high-spin CoII. For the modeling performed with MAGFIT493 we 
have considered two Mo-Co exchange interactions involving the low-spin and high-spin Co 
centers, JMoCo(LS) and JMoCo(HS) respectively. The interactions between the trimetallic units 
within the chain and the possible contribution of zero field splitting has been considered in the 
mean field approximation (zJ’). It appeared necessary to include TIP in order to reproduce the 
higher temperature behavior; this can be related to the deviation from a pure spin behavior for 
high-spin CoII. The best fit shown in Figure 1.18 yielded JMoCo(LS) = -32.7 cm-1 , JMoCo(HS) = -
98.5 cm-1, g = 2.0, zJ’ = -9.4 cm-1, TIP = 3500.10-6 cm3mol-1 (based on exchange Hamiltonian 
H = -J(S1S2 + S2S3). These results are in agreement with the stronger exchange interaction 
anticipated with the S = 3/2 Co with respected to the S = ½ center.  
 
1.4. CONCLUDING REMARKS 
The results gathered in this study show that significant exchange interactions can be 
anticipated when the thiocyanate ligand is involved in combination with a 4d or a 5d metal 
ion. This is supported by the spin density distribution computed for the potential building 
units [MoIII(NCS)6]3- or [ReIV(NCS)6]2- that clearly shows that a significant amount of spin is 
transferred from the metal to the peripheral S-atom. The quantitative evaluation of the 
exchange interactions of MoIII with the 3d ions NiII, and CoII obtained for a series of simple 
heterometallic complexes reveals that the exchange coupling strengths are in the order of 
those known for the related cyano-bridged {4d-3d} system. Interestingly for the chemist’s 
tool-box, while ferromagnetic interactions take place between Mo III and Co or Ni through the 
CN-bridge the interaction is antiferromagnetic with the NCS-linkage, thus allowing to design 
magnetic properties for a given set of metal ions by simply choosing the proper bridging 
ligand.  
So far the thiocyanate was not considered as an efficient ligand in molecular magnetism. We 
show here that the metal too plays an important role in this process. For instance, the Mo-Ni 
exchange interaction has been found to be twice as strong are the related Cr-Ni interaction 
(i.e. -50 versus -25 cm-1), showing that the role of the metal is significant.  
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The investigation of the hexathiocyanate building units has evidences short S···S 
intermolecular interactions in the solid state with exchange coupling of various strengths as a 
function of the salts. For K2[Re(NCS)6] these interactions are substantial; moreover this 
compound has been found to be a weak ferromagnet ordering for TC = 13 K. 
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SUPPORTING INFORMATION 
A. ORTEP and other Figures 
Figure A.1.1. ORTEP view of the asymmetric unit of (PPh4)3Mo(NCS)6·2MeCN, 2. 
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Figure A.1.2. ORTEP view of the asymmetric unit of (PPh4)3Mo(NCSe)6·MeCN, 4. 
 
 
Figure A.1.3. ORTEP view of the asymmetric unit of {[K(H2O)2]2Re(NCS)6}, 5. 
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Figure A.1.4. ORTEP view of the asymmetric unit of 
[{Cr(NCS)6}{NiLN4}2(NCS)]n·MeCN, 7 a. 
 
Figure A.1.5. ORTEP view of the asymmetric unit of 
[{Cr(NCS)6}{NiLN4}2(NCS)]n·MeCN, 7b.  
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Figure A.1.6. ORTEP view of the asymmetric unit of 
[{Mo(NCS)6}{NiLN4}2(NCS)]n·MeCN, 8.  
 
 
Figure A.1.7. ORTEP view of the asymmetric unit of 
[{Mo(NCS)6}{NiLN4}2(NCSe)]n·MeCN, 9.  
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Figure A.1.8. ORTEP view of the asymmetric unit of 
[{Mo(NCS)6}{CoLN4}2(NCS)]n·MeCN, 10.  
 
 
Figure A.1.9. ORTEP view of the asymmetric unit of [{Re(NCS)6}{NiLN4(MeCN)2}] 
·MeCN, 11.  
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Figure A.1.10. ORTEP view of the asymmetric unit of [{Re(NCS)6}{Ni(en)2(MeCN)2}], 
12. 
 
 
Figure A.1.11. View of the S···S contacts for (PPh4)2[Re(NCS)6] in the crystal. Depicted 
contacts: S···S, 3.682(4) Å.  
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Figure A.1.12. Temperature dependence of χMT for [CoIILN4(ClO4)2].3H2O 
 
Figure A.1.13. Field dependence of the magnetization for (PPh4)3Mo(NCS)6·2MeCN, 2. 
 
Figure A.1.14. Field dependence of the magnetization at T = 2K for 
(PPh4)3Mo(NCSe)6·MeCN, 4.  
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Figure A.1.15. Field dependence of the magnetization at T = 2K for 
[{K(H2O)2}2{Re(NCS)6}], 5.  
 
Figure A.1.16. Field dependence of the magnetization at T = 2K for 
(PPh4)3Re(NCS)6·MeCN, 6. 
 
Figure A.1.17. Field dependence of the magnetization at T = 2K for 
[{Cr(NCS)6}{NiLN4}2(NCS)]n·MeCN, 7. 
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Figure A.1.18. Field dependence of the magnetization at T = 2, 3, 4, 5, 7, 10 K for 
[{Mo(NCS)6}{NiLN4}2(NCS)]n·MeCN, 8. 
 
Figure A.1.19. Field dependence of the magnetization at T = 2K for 
[{Mo(NCSe)6}{NiLN4}2(NCS)]n·MeCN, 9. 
 
Figure A.1.20. Field dependence of the magnetization at T = 2K for 
[{Mo(NCS)6}{CoLN4}2(NCS)]n·MeCN, 10. 
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B. Selected bond lengths and bond angles 
Table B.1.1. Selected bond lengths and bond angles for (PPh4)3Mo(NCS)6·2MeCN, 2. 
S1 C1 1.6272(16)Å   S2 C2 1.6264(17)Å  
S3 C3 1.6198(16)Å   S4 C4 1.6273(16)Å  
S5 C5 1.6217(17)Å   S6 C6 1.6200(17)Å  
S7 C7 1.6217(17)Å   S8 C8 1.6178(17)Å  
S9 C9 1.6225(16)Å   S10 C10 1.6212(17)Å  
S11 C11 1.6172(17)Å   S12 C12 1.6163(16)Å  
N1 C1 1.161(2)Å   N1 Mo1 2.1135(13)Å  
N2 C2 1.163(2)Å   N2 Mo1 2.1061(14)Å  
N3 C3 1.163(2)Å   N3 Mo1 2.0948(14)Å  
N4 C4 1.161(2)Å  N4 Mo1 2.1110(13)Å  
N5 C5 1.164(2)Å  N5 Mo1 2.1079(14)Å  
N6 C6 1.163(2)Å  N6 Mo1 2.0919(14)Å  
N7 C7 1.165(2)Å  N7 Mo2 2.1018(15)Å  
N8 C8 1.163(2)Å  N8 Mo2 2.0976(14)Å  
N9 C9 1.156(2)Å  N9 Mo2 2.0923(14)Å  
N10 C10 1.164(2)Å  N10 Mo2 2.1050(14)Å  
N11 C11 1.165(2)Å  N11 Mo2 2.1003(14)Å  
N12 C12 1.165(2)Å  N12 Mo2 2.0919(14)Å  
 
C1 N1 Mo1 175.15(13)°   C2 N2 Mo1 173.72(12)° 
C3 N3 Mo1 179.55(13)°   C4 N4 Mo1 174.39(13)° 
C5 N5 Mo1 178.51(12)°   C6 N6 Mo1 172.17(13)° 
C7 N7 Mo2 172.30(13)°   C8 N8 Mo2 172.79(13)° 
C9 N9 Mo2 174.42(13)°   C10 N10 Mo2 172.45(12)° 
C11 N11 Mo2 173.11(13)°   C12 N12 Mo2 176.25(13)° 
S1 C1 N1 179.42(16)°   S2 C2 N2 179.06(15)° 
S3 C3 N3 179.48(15)°   S4 C4 N4 179.21(15)° 
S5 C5 N5 179.70(15)°   S6 C6 N6 179.07(14)° 
S7 C7 N7 179.66(13)°   S8 C8 N8 179.77(16)° 
S9 C9 N9 178.99(16)°   S10 C10 N10 179.50(13)° 
S11 C11 N11 179.70(15)°   S12 C12 N12 179.16(16)° 
N1 Mo1 N2 88.95(5)°   N1 Mo1 N3 90.72(5)°  
N2 Mo1 N3 90.45(5)°   N1 Mo1 N4 179.21(7)°  
N2 Mo1 N4 90.96(5)°   N3 Mo1 N4 88.50(5)°  
N1 Mo1 N5 90.47(5)°  N2 Mo1 N5 179.10(6)°  
N3 Mo1 N5 90.25(5)°  N4 Mo1 N5 89.63(5)°  
N1 Mo1 N6 89.10(5)°  N2 Mo1 N6 88.34(6)°  
N3 Mo1 N6 178.78(7)°  N4 Mo1 N6 91.68(5)°  
N5 Mo1 N6 90.95(6)°  N7 Mo2 N8 88.45(5)°  
N7 Mo2 N9 89.82(6)°  N8 Mo2 N9 88.84(5)°  
N7 Mo2 N10 179.81(6)°  N8 Mo2 N10 91.71(5)°  
N9 Mo2 N10 90.08(6)°  N7 Mo2 N11 91.67(5)°  
N8 Mo2 N11 179.82(6)°  N9 Mo2 N11 91.29(5)°  
N10 Mo2 N11 88.17(5)°  N7 Mo2 N12 90.18(6)°  
N8 Mo2 N12 90.79(5)°  N9 Mo2 N12 179.63(6)°  
N10 Mo2 N12 89.92(6)°  N11 Mo2 N12 89.08(5)°  
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Table B.1.2. Selected bond lengths and bond angles refinement for 
(PPh4)3Mo(NCSe)6·MeCN, 4.  
 
P1 C7 1.795(2)Å   P1 C13 1.798(2)Å  
P1 C19 1.798(3)Å   P1 C25 1.795(2)Å  
P2 C31 1.800(3)Å   P2 C37 1.790(3)Å  
P2 C43 1.795(3)Å   P2 C49 1.797(2)Å  
P3 C55 1.800(3)Å   P3 C61 1.797(3)Å  
P3 C67 1.792(3)Å   P3 C73 1.798(3)Å  
Se1 C1 1.775(3)Å   Se2 C2 1.783(3)Å  
Se3 C3 1.778(3)Å   Se4 C4 1.781(3)Å  
Se5 C5 1.770(3)Å   Se6 C6 1.784(3)Å  
C1 N1 1.157(3)Å   C2 N2 1.161(3)Å  
C3 N3 1.156(3)Å   C4 N4 1.154(3)Å  
C5 N5 1.154(4)Å   C6 N6 1.157(3)Å  
C7 C8 1.394(3)Å   C7 C12 1.393(3)Å  
C8 C9 1.385(4)Å   C13 C14 1.384(4)Å  
C9 C10 1.388(4)Å   C14 C15 1.383(4)Å  
C10 C11 1.376(4)Å   C15 C16 1.376(5)Å  
C11 C12 1.386(4)Å   C16 C17 1.378(5)Å  
C13 C18 1.396(4)Å   C17 C18 1.387(4)Å  
C19 C20 1.400(4)Å   C19 C24 1.390(4)Å  
C20 C21 1.375(4)Å   C25 C26 1.396(3)Å  
C21 C22 1.380(4)Å   C26 C27 1.380(4)Å  
C22 C23 1.377(5)Å   C27 C28 1.386(4)Å  
C23 C24 1.390(4)Å   C28 C29 1.383(4)Å  
C25 C30 1.391(3)Å   C29 C30 1.391(4)Å  
C31 C32 1.396(4)Å   C31 C36 1.405(3)Å  
C32 C33 1.390(4)Å   C37 C38 1.397(4)Å  
C33 C34 1.379(4)Å  C38 C39 1.386(4)Å  
C34 C35 1.387(4)Å  C39 C40 1.382(5)Å  
C35 C36 1.384(4)Å  C40 C41 1.382(5)Å  
C37 C42 1.396(4)Å  C41 C42 1.381(4)Å  
C43 C44 1.397(3)Å  C43 C48 1.395(4)Å  
C44 C45 1.380(4)Å  C49 C50 1.398(4)Å  
C45 C46 1.382(4)Å  C50 C51 1.384(4)Å  
C46 C47 1.374(4)Å  C51 C52 1.375(4)Å  
C47 C48 1.387(4)Å  C52 C53 1.379(4)Å  
C49 C54 1.387(4)Å  C53 C54 1.388(4)Å  
C55 C56 1.386(4)Å  C55 C60 1.399(4)Å  
C56 C57 1.382(4)Å  C61 C62 1.400(4)Å  
C57 C58 1.377(5)Å  C62 C63 1.379(4)Å  
C58 C59 1.376(5)Å  C63 C64 1.378(5)Å  
C59 C60 1.385(4)Å  C64 C65 1.379(5)Å  
C61 C66 1.390(4)Å  C65 C66 1.386(4)Å  
C67 C68 1.381(4)Å  C67 C72 1.396(4)Å  
C68 C69 1.392(4)Å  C73 C74 1.386(4)Å  
C69 C70 1.372(5)Å  C74 C75 1.379(5)Å  
C70 C71 1.374(5)Å  C75 C76 1.372(6)Å  
C71 C72 1.377(4)Å  C76 C77 1.366(6)Å  
C73 C78 1.389(4)Å  C77 C78 1.389(5)Å  
C79 C80 1.422(7)Å  N1 Mo5 2.095(2)Å  
C80 N7 1.126(7)Å  N3 Mo5 2.115(2)Å  
N2 Mo5 2.096(2)Å  N5 Mo5 2.102(2)Å  
N4 Mo5 2.099(2)Å  N6 Mo5 2.100(2)Å  
 
C7 P1 C13 109.81(11)°   C7 P1 C19 107.95(12)°  
C13 P1 C19 110.63(12)°   C7 P1 C25 111.75(11)°  
C13 P1 C25 107.01(11)°   C19 P1 C25 109.72(11)°  
C31 P2 C37 108.10(12)°   C31 P2 C43 110.75(11)°  
C37 P2 C43 109.51(12)°   C31 P2 C49 110.70(12)°  
C37 P2 C49 109.88(12)° C43 P2 C49 107.90(11)°  
C55 P3 C61 107.41(13)° C55 P3 C67 110.36(13)°  
C61 P3 C67 110.14(13)° C55 P3 C73 108.06(13)°  
C61 P3 C73 113.48(14)° C67 P3 C73 107.38(13)°  
Se1 C1 N1 178.9(2)°  Se2 C2 N2 178.1(2)°  
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Se3 C3 N3 179.3(3)°   Se4 C4 N4 178.2(2)°  
Se5 C5 N5 179.2(4)°   Se6 C6 N6 179.0(2)°  
P1 C7 C8 119.31(18)°   P1 C7 C12 120.73(19)°  
C8 C7 C12 119.9(2)°   C7 C8 C9 119.4(2)°  
C8 C9 C10 120.3(2)°   C9 C10 C11 120.3(2)°  
C10 C11 C12 120.0(3)°   C7 C12 C11 120.0(2)°  
P1 C13 C14 120.9(2)°   P1 C13 C18 118.70(19)°  
C14 C13 C18 120.4(2)°   C13 C14 C15 118.9(3)°  
C14 C15 C16 120.9(3)°   C15 C16 C17 120.5(3)°  
C16 C17 C18 119.5(3)°   C13 C18 C17 119.8(3)°  
P1 C19 C20 120.84(19)°   P1 C19 C24 120.5(2)°  
C20 C19 C24 118.7(2)°   C19 C20 C21 120.6(3)°  
C20 C21 C22 120.3(3)°   C21 C22 C23 119.7(3)°  
C22 C23 C24 120.6(3)°   C19 C24 C23 120.0(3)°  
P1 C25 C26 118.97(19)°   P1 C25 C30 121.18(19)°  
C26 C25 C30 119.8(2)°   C25 C26 C27 120.0(2)°  
C26 C27 C28 120.3(3)°   C27 C28 C29 120.0(2)°  
C28 C29 C30 120.3(2)°   C25 C30 C29 119.6(2)°  
P2 C31 C32 121.53(19)°   P2 C31 C36 118.98(19)°  
C32 C31 C36 119.4(2)°   C31 C32 C33 120.0(3)°  
C32 C33 C34 120.2(3)°   C33 C34 C35 120.1(3)°  
C34 C35 C36 120.6(3)°   C31 C36 C35 119.6(2)°  
P2 C37 C38 120.2(2)°   P2 C37 C42 119.4(2)°  
C38 C37 C42 120.1(2)°   C37 C38 C39 119.3(3)°  
C38 C39 C40 120.1(3)°   C39 C40 C41 120.7(3)°  
C40 C41 C42 119.9(3)°   C37 C42 C41 119.8(3)°  
P2 C43 C44 120.12(19)°   P2 C43 C48 120.27(19)°  
C44 C43 C48 119.6(2)°   C43 C44 C45 119.5(2)°  
C44 C45 C46 120.7(2)°   C45 C46 C47 120.2(3)°  
C46 C47 C48 120.1(3)°   C43 C48 C47 119.9(2)°  
P2 C49 C50 120.23(19)°   P2 C49 C54 119.71(19)°  
C50 C49 C54 120.0(2)°  C49 C50 C51 119.5(3)°  
C50 C51 C52 120.4(3)°  C51 C52 C53 120.2(2)°  
C52 C53 C54 120.5(3)°  C49 C54 C53 119.4(3)°  
P3 C55 C56 120.5(2)°  P3 C55 C60 119.6(2)°  
C56 C55 C60 120.0(3)°  C55 C56 C57 119.7(3)°  
C56 C57 C58 120.2(3)°  C57 C58 C59 120.6(3)°  
C58 C59 C60 120.1(3)°  C55 C60 C59 119.4(3)°  
P3 C61 C62 119.3(2)°  P3 C61 C66 120.6(2)°  
C62 C61 C66 120.0(3)°  C61 C62 C63 119.7(3)°  
C62 C63 C64 119.8(3)°  C63 C64 C65 121.0(3)°  
C64 C65 C66 119.9(3)°  C61 C66 C65 119.5(3)°  
P3 C67 C68 120.9(2)°  P3 C67 C72 118.8(2)°  
C68 C67 C72 120.3(2)°  C67 C68 C69 119.4(3)°  
C68 C69 C70 120.0(3)°  C69 C70 C71 120.6(3)°  
C70 C71 C72 120.4(3)°  C67 C72 C71 119.3(3)°  
P3 C73 C74 121.4(2)°  P3 C73 C78 119.0(2)°  
C74 C73 C78 119.5(3)°  C73 C74 C75 119.3(4)°  
C74 C75 C76 121.0(4)°  C75 C76 C77 120.3(4)°  
C76 C77 C78 119.6(4)°  C73 C78 C77 120.2(3)°  
C79 C80 N7 179.1(9)°  C1 N1 Mo5 175.7(2)°  
C2 N2 Mo5 175.4(2)°  C3 N3 Mo5 174.2(2)°  
C4 N4 Mo5 172.7(2)°  C5 N5 Mo5 172.7(2)°  
C6 N6 Mo5 171.1(2)°  N1 Mo5 N2 88.66(8)°  
N1 Mo5 N3 91.74(8)°  N2 Mo5 N3 90.78(8)°  
N1 Mo5 N4 177.67(9)°  N2 Mo5 N4 89.35(9)°  
N3 Mo5 N4 89.51(8)°  N1 Mo5 N5 91.01(9)°  
N2 Mo5 N5 179.18(9)°  N3 Mo5 N5 89.98(9)°  
N4 Mo5 N5 90.96(9)°  N1 Mo5 N6 90.01(9)°  
N2 Mo5 N6 92.08(9)°  N3 Mo5 N6 176.68(9)°  
N4 Mo5 N6 88.84(9)°  N5 Mo5 N6 87.17(9)°  
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Table B.1.3. Selected bond lengths and bond angles for [{K(H2O)2}2{Re(NCS)6}], 5. 
 
S1 C1 1.6087(18)Å  S2 C2 1.6024(18)Å  
S3 C3 1.6113(15)Å  C1 N1 1.167(2)Å  
C2 N2 1.171(2)Å   C3 N3 1.1715(18)Å  
N1 Re1 2.0111(15)Å N2 Re1 2.0018(18)Å  
N3 Re1 2.0131(13)Å  
  
S1 C1 N1 178.08(15)°   S2 C2 N2 178.82(18)° 
S3 C3 N3 179.44(14)°   C1 N1 Re1 175.83(13)° 
C2 N2 Re1 175.83(17)°   C3 N3 Re1 173.16(13)° 
N1 Re1 
N1 
2_566 179.994°  N1 
Re
1 N2 90.79(6)°  
N1 
2_5
66 
Re
1 N2 
89.21(6)
°   N1 
Re
1 
N2 
2_566 89.21(6)°  
N1 
2_5
66 
Re
1 
N2 
2_566 
90.79(6)
°   N2 
Re
1 
N2 
2_566 179.994°  
N1 Re1 N3 
90.15(5)
°   
N1 
2_56
Re
1 N3 89.85(5)°  
6 
N2 Re1 N3 
88.75(6)
°  
N2 
2_56
6 
Re
1 N3 91.25(6)°  
N1 Re1 
N3 
2_566 
89.85(5)
°  
N1 
2_56
6 
Re
1 
N3 
2_566 90.15(5)°  
N2 Re1 
N3 
2_566 
91.25(6)
°  
N2 
2_56
6 
Re
1 
N3 
2_566 88.75(6)°  
N3 Re1 
N3 
2_566 179.994° 
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Table B.1.4. Selected bond lengths and bond angles for 1-D 
[{Cr(NCS)6}{NiL}2(NCS)]n·MeCN, 7a. 
 
Cr1 N1 2.017(3)Å  Cr1 N2 2.015(3)Å  
Cr1 N3 2.008(3)Å  Cr1 N4 2.005(3)Å  
Cr1 N5 2.000(3)Å  Cr1 N6 1.987(3)Å  
Ni1 N7 1.939(3)Å  Ni1 N8 2.039(3)Å  
Ni1 N9 2.008(3)Å  Ni1 N10 2.062(3)Å  
Ni1 N11 2.088(4)Å  Ni1 S1 2.6432(10)Å 
Ni2 N12 1.936(3)Å  Ni2 N13 2.010(3)Å  
Ni2 N14 2.009(3)Å  Ni2 N15 2.101(3)Å  
Ni2 S2 2.5534(10)Å Ni2 S7 2_645 2.5394(10)Å 
C1 N1 1.158(4)Å  C1 S1 1.638(3)Å  
C2 N2 1.149(4)Å  C2 S2 1.643(3)Å  
C3 N3 1.147(4)Å  C3 S3 1.622(3)Å  
C4 N4 1.129(5)Å  C4 S4 1.640(4)Å  
C5 N5 1.150(5)Å  C5 S5 1.617(4)Å  
C6 N6 1.156(5)Å  C6 S6 1.631(4)Å  
 
N2 C2 S2 178.1(3)°  N1 C1 S1 178.3(3)°  
N4 C4 S4 179.3(3)°  N3 C3 S3 177.9(3)°  
N6 C6 S6 178.8(4)°  N5 C5 S5 178.5(4)°  
Cr1 N2 C2 167.3(3)°  Cr1 N1 C1 165.1(3)°  
Cr1 N4 C4 176.9(3)°  Cr1 N3 C3 171.8(3)°  
Cr1 N6 C6 171.9(3)°   Cr1 N5 C5 174.5(3)°  
Ni1 S1 C1 106.33(11)°  Ni2 S2 C2 105.44(12)° 
Ni2 
2_655 S7 C22 103.37(12)°  Ni1 N11 C22 157.8(3)°  
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Table B.1.5. Selected bond lengths and bond angles for 1-D 
[{Cr(NCS)6}{NiL}2(NCS)]n·MeCN, 7b. 
C1 N1 1.152(5)Å  C1 S1 1.642(4)Å  
C2 N2 1.152(5)Å  C2 S2 1.625(4)Å  
C3 N3 1.145(5)Å  C3 S3 1.633(4)Å  
C4 N4 1.146(5)Å  C4 S4 1.641(4)Å  
C5 N5 1.149(5)Å  C5 S5 1.638(4)Å  
C6 N6 1.152(6)Å  C6 S6 1.625(5)Å  
C7 N15 1.125(6)Å  C7 S7 1.621(5)Å  
C8 C9 1.492(6)Å  C8 C20 1.428(6)Å  
C8 N7 1.314(5)Å  C9 C21 1.473(6)Å  
C9 N8 1.302(6)Å  C10 C11 1.521(7)Å  
C10 N8 1.468(6)Å  C11 C12 1.528(7)Å  
C12 N9 1.480(6)Å  C13 C14 1.542(7)Å  
C13 N9 1.465(6)Å  C14 C15 1.514(7)Å  
C15 N10 1.457(6)Å  C16 C17 1.512(6)Å  
C16 C22 1.488(6)Å  C16 N10 1.269(6)Å  
C17 C18 1.396(6)Å  C17 N7 1.321(5)Å  
C18 C19 1.403(7)Å  C23 C24 1.514(6)Å  
C19 C20 1.358(7)Å  C23 N11 1.327(6)Å  
C23 C35 1.385(7)Å  C24 N12 1.275(6)Å  
C24 C36 1.479(7)Å   C25 N12 1.455(6)Å  
C25 C26 1.491(8)Å   C27 N13 1.458(6)Å  
C26 C27 1.553(7)Å   C28 N13 1.492(6)Å  
C28 C29 1.517(8)Å   C28 N14 1.462(6)Å  
C29 C30 1.536(8)Å   C30 C37 1.475(7)Å  
C31 C32 1.496(7)Å   C30 C33 1.425(7)Å  
C31 N14 1.317(6)Å   C31 C34 1.362(8)Å  
C32 N11 1.312(6)Å   C32 C35 1.409(8)Å  
C38 C39 1.426(10)Å   C38 Cr1 2.021(3)Å  
C39 N16 1.132(9)Å   C38 Cr1 2.001(4)Å  
N2 Cr1 2.001(3)Å   N1 Cr2 1.995(3)Å  
N4 Cr2 2.023(3)Å   N3 Ni1 1.935(3)Å  
N6 Cr2 1.997(4)Å   N5 Ni1 2.018(4)Å  
N8 Ni1 2.014(4)Å   N7 Ni1 2.067(4)Å  
N11 Ni2 1.932(4)Å   N9 Ni2 2.092(4)Å  
N13 Ni2 2.007(4)Å   N12 Ni1 2.131(4)Å  
N14 Ni2 2.011(4)Å   N13 Ni2 2.5653(12)Å 
S1 Ni1 2.6539(12)Å  N15 Ni1 2.131(4)Å  
S7 Ni2 2.5469(13)Å  S4 Ni2 2.5653(12)Å 
 
N1 C1 S1 177.6(4)°  N2 C2 S2 178.3(4)°  
N3 C3 S3 179.2(4)°  N4 C4 S4 177.8(4)°  
N5 C5 S5 178.4(4)°  N6 C6 S6 179.6(4)°  
N15 C7 S7 178.4(5)°  C9 C8 C20 127.5(4)°  
C9 C8 N7 113.8(4)°  C20 C8 N7 118.7(4)°  
C8 C9 C21 119.4(4)°  C8 C9 N8 113.3(4)°  
C21 C9 N8 127.3(4)°  C11 C10 N8 112.1(4)°  
C17 C16 N10 114.4(4)°  C10 C11 C12 116.8(4)°  
C16 C17 C18 126.8(4)°  C11 C12 N9 111.1(4)°  
C18 C17 N7 120.4(4)°  C14 C13 N9 112.0(4)°  
C18 C19 C20 121.4(4)°  C13 C14 C15 117.7(4)°  
C24 C23 C35 126.0(4)°  C14 C15 N10 113.3(4)°  
C35 C23 N11 121.8(4)°  C17 C16 C22 120.0(4)°  
C23 C24 N12 115.2(4)°   C22 C16 N10 125.6(4)°  
C26 C25 N12 115.1(4)°   C16 C17 N7 112.8(3)°  
C25 C26 C27 116.9(4)°   C17 C18 C19 117.0(4)°  
C26 C27 N13 111.6(4)°   C8 C20 C19 118.4(4)°  
C29 C28 N13 111.4(4)°   C24 C23 N11 112.2(4)°  
C28 C29 C30 118.0(5)°   C23 C24 C36 120.5(5)°  
C29 C30 N14 110.9(4)°   C36 C24 N12 124.2(5)°  
C32 C31 C37 121.7(4)°   C32 C31 N14 112.6(4)°  
C37 C31 N14 125.6(5)°   C31 C32 C33 126.5(4)°  
C31 C32 N11 113.9(4)°   C33 C32 N11 119.6(4)°  
C32 C33 C34 117.4(4)°   C33 C34 C35 122.4(5)°  
C23 C35 C34 115.7(5)°   C38 C39 N16 178.4(7)°  
C1 N1 Cr1 164.9(3)°   C2 N2 Cr1 172.3(3)°  
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C3 N3 Cr1 175.0(4)°  C4 N4 Cr2 167.5(3)°  
C5 N5 Cr2 171.2(3)°  C6 N6 Cr2 177.0(4)°  
C8 N7 C17 124.2(4)°  C8 N7 Ni1 117.3(3)°  
C17 N7 Ni1 118.3(3)°  C9 N8 C10 121.4(4)°  
C9 N8 Ni1 115.3(3)°  C10 N8 Ni1 123.2(3)°  
C12 N9 C13 113.9(4)°  C12 N9 Ni1 110.0(3)°  
C13 N9 Ni1 113.7(3)°  C15 N10 Ni1 121.0(3)°  
C15 N10 C16 123.6(4)°  C23 N11 C32 123.0(4)°  
C16 N10 Ni1 115.0(3)°  C32 N11 Ni2 117.6(3)°  
C23 N11 Ni2 119.3(3)°  C24 N12 Ni2 114.1(3)°  
C24 N12 C25 125.3(4)°  C27 N13 C28 113.8(4)°  
C25 N12 Ni2 120.4(3)°  C28 N13 Ni2 111.1(3)°  
C27 N13 Ni2 114.5(3)°  C30 N14 C31 120.8(4)°  
C30 N14 Ni2 123.5(3)°  C31 N14 Ni2 115.4(3)°  
C7 N15 Ni1 157.2(4)°  C1 S1 Ni1 106.35(14)° 
C4 S4 Ni2 105.07(14)° C7 S7 Ni2 104.00(17)° 
N1 Cr1 N1 2_766 179.994°  N1 Cr1 N2 87.65(14)° 
N1 
2_766 Cr1 N2 92.35(14)°  N1 Cr1 
N2 
2_766 92.35(14)° 
N1 
2_766 Cr1 
N2 
2_766 87.65(14)°  N2 Cr1 
N2 
2_766 179.994°  
N1 Cr1 N3 88.92(14)°  N1 2_766 Cr1 N3 91.08(14)° 
N2 Cr1 N3 91.81(14)°  N2 2_766 Cr1 N3 88.19(14)° 
N1 Cr1 N3 2_766 91.08(14)°  
N1 
2_766 Cr1 
N3 
2_766 88.92(14)° 
N2 Cr1 N3 2_766 88.19(14)°  
N2 
2_766 Cr1 
N3 
2_766 91.81(14)° 
N3 Cr1 N3 2_766 179.994°  N4 Cr2 
N4 
2_765 179.994°  
N4 Cr2 N5 91.85(14)°  N4 2_765 Cr2 N5 88.15(14)° 
N4 Cr2 N5 2_765 88.15(14)°  
N4 
2_765 Cr2 
N5 
2_765 91.85(14)° 
N5 Cr2 N5 2_765 179.994°   N4 Cr2 N6 89.40(14)° 
N4 
2_765 Cr2 N6 90.60(14)°  N5 Cr2 N6 88.66(14)° 
N5 
2_765 Cr2 N6 91.34(14)°  N4 Cr2 
N6 
2_765 90.60(14)° 
N4 
2_765 Cr2
N6 
2_765 89.40(14)°  N5 Cr2 
N6 
2_765 91.34(14)° 
N5 
2_765 Cr2
N6 
2_765 88.66(14)°  N6 Cr2 
N6 
2_765 179.994°  
N7 Ni1 N8 80.04(14)°  N7 Ni1 N9 172.70(15)° 
N8 Ni1 N9 100.89(15)°  N7 Ni1 N10 79.15(14)° 
N8 Ni1 N10 159.18(15)°  N9 Ni1 N10 99.83(15)° 
N7 Ni1 N15 96.14(15)°  N8 Ni1 N15 91.95(16)° 
N9 Ni1 N15 91.08(15)°  N10 Ni1 N15 89.74(15)° 
N7 Ni1 S1 86.23(11)°  N8 Ni1 S1 90.68(11)° 
N9 Ni1 S1 86.52(11)°  N10 Ni1 S1 88.50(11)° 
N15 Ni1 S1 176.73(12)°  N11 Ni2 N12 78.94(15)° 
N11 Ni2 N13 176.44(15)°  N12 Ni2 N13 99.35(15)° 
N11 Ni2 N14 80.13(16)°  N12 Ni2 N14 158.88(16)° 
N13 Ni2 N14 101.70(16)°  N11 Ni2 S4 88.93(11)° 
N12 Ni2 S4 88.86(10)°  N13 Ni2 S4 87.90(12)° 
N14 Ni2 S4 93.59(11)°  N11 Ni2 S7 93.52(11)° 
N12 Ni2 S7 89.67(10)°  N13 Ni2 S7 89.59(12)° 
N14 Ni2 S7 88.78(11)°  S4 Ni2 S7 176.85(4)° 
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Table B.1.6. Selected bond lengths and bond angles for 
[{Mo(NCS)6}{NiL}2(NCS)]n·MeCN, 8. 
Mo1 N1 2.095(5)Å   Mo1 N2 2.086(5)Å  
Mo1 N3 2.066(6)Å   Mo1 N4 2.086(6)Å  
Mo1 N5 2.075(6)Å   Mo1 N6 2.076(6)Å  
Ni1 N7 1.933(5)Å   Ni1 N8 2.039(5)Å  
Ni1 N9 1.989(5)Å   Ni1 N10 2.057(5)Å  
Ni1 N11 2.072(7)Å   Ni1 S1 2.619(2)Å  
Ni2 N12 1.933(6)Å   Ni2 N13 2.004(6)Å  
Ni2 N14 1.996(6)Å   Ni2 N15 2.099(6)Å  
Ni2 S2 2.534(2)Å  Ni2 S7 2_645 2.519(2)Å  
C1 N1 1.136(7)Å  C1 S1 1.628(6)Å  
C2 N2 1.154(7)Å  C2 S2 1.616(6)Å  
C3 N3 1.160(9)Å  C3 S3 1.612(8)Å  
C4 N4 1.153(8)Å  C4 S4 1.606(7)Å  
C5 N5 1.148(8)Å  C5 S5 1.613(7)Å  
C6 N6 1.134(9)Å  C6 S6 1.619(8)Å  
C22 S7 1.637(7)Å  C22 N11 1.422(9)Å  
 
N2 C2 S2 177.8(6)°   N1 C1 S1 178.2(6)°  
N4 C4 S4 178.9(7)°   N3 C3 S3 177.8(6)°  
N6 C6 S6 179.2(7)°   N5 C5 S5 178.5(6)°  
N11 C22 S7 177.5(6)°   Mo1 N1 C1 166.5(6)°  
Mo1 N2 C2 168.6(6)°   Mo1 N3 C3 172.6(5)°  
Mo1 N4 C4 178.0(6)° Mo1 N5 C5 175.9(6)°  
Mo1 N6 C6 173.5(5)° Ni2 S2 C2 104.6(2)°  
Ni1 S1 C1 105.8(2)° Ni2 2_655 S7 C22 103.9(2)°  
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Table B.1.7. Selected bond lengths and bond angles for 1-D 
[{Mo(NCSe)6}{NiL}2(NCS)]n·MeCN, 9. 
N1 C1 1.164(6)Å  N1 Mo1 2.100(4)Å  
N2 C2 1.147(6)Å  N2 Mo1 2.109(4)Å  
N3 C3 1.154(7)Å  N3 Mo1 2.088(5)Å  
N4 C4 1.158(7)Å  N4 Mo1 2.084(5)Å  
N5 C5 1.173(6)Å  N5 Mo1 2.093(4)Å  
N6 C6 1.170(7)Å  N6 Mo1 2.095(5)Å  
N7 C7 1.299(8)Å  N7 C16 1.307(8)Å  
N7 Ni1 1.937(6)Å  N8 C8 1.236(9)Å  
N8 C9 1.462(8)Å  N8 Ni1 2.169(6)Å  
N9 C11 1.451(9)Å  N9 C12 1.494(9)Å  
N9 Ni1 2.012(6)Å  N10 C15 1.347(9)Å  
N10 C14 1.457(9)Å  N11 C22 1.331(6)Å  
N10 Ni1 1.984(6)Å  N11 Ni2 1.946(4)Å  
N11 C31 1.306(7)Å  N12 C24 1.474(7)Å  
N12 C23 1.278(7)Å  N13 C26 1.486(7)Å  
N12 Ni2 2.051(4)Å  N13 Ni2 2.004(5)Å  
N13 C27 1.500(7)Å  N14 C29 1.485(6)Å  
N14 C30 1.266(7)Å  N14 Ni2 2.053(5)Å  
N15 C46 1.141(7)Å  N15 Ni2 2.105(5)Å  
2_556 
N16 C37 1.118(10)Å   C1 Se1 1.780(4)Å  
C2 Se2 1.797(5)Å   C3 Se3 1.792(5)Å  
C4 Se4 1.786(5)Å   C5 Se5 1.771(5)Å  
C6 Se6 1.761(5)Å   C7 C8 1.525(8)Å  
C7 C19 1.400(8)Å   C8 C20 1.480(11)Å  
C9 C10 1.469(11)Å   C10 C11 1.562(11)Å  
C12 C13 1.486(12)Å   C13 C14 1.527(10)Å  
C15 C16 1.539(11)Å   C15 C21 1.433(10)Å  
C16 C17 1.450(9)Å   C17 C18 1.295(11)Å  
C22 C23 1.498(7)Å   C18 C19 1.430(10)Å  
C23 C35 1.499(7)Å   C22 C34 1.415(7)Å  
C25 C26 1.521(8)Å   C24 C25 1.535(8)Å  
C28 C29 1.522(8)Å   C27 C28 1.540(8)Å  
C30 C36 1.498(8)Å   C30 C31 1.516(8)Å  
C32 C33 1.406(8)Å   C31 C32 1.390(7)Å  
C33 C34 1.384(8)Å   C37 C38 1.436(11)Å  
Se1 Ni1 2.6769(9)Å   C46 S1 1.672(6)Å  
Ni1 S1 2.5524(14)Å  Se2 Ni2 2.7614(9)Å  
 
C1 N1 Mo1 170.0(4)°  C2 N2 Mo1 166.7(4)°  
C3 N3 Mo1 171.7(5)°  C4 N4 Mo1 177.2(4)°  
C5 N5 Mo1 172.1(4)°  C6 N6 Mo1 175.4(4)°  
C7 N7 C16 121.8(6)°  C7 N7 Ni1 120.8(4)°  
C16 N7 Ni1 117.4(5)°  C8 N8 C9 128.0(6)°  
C8 N8 Ni1 113.9(4)°  C9 N8 Ni1 118.0(5)°  
C11 N9 C12 114.9(6)°  C11 N9 Ni1 115.8(5)°  
C12 N9 Ni1 110.4(4)°  C14 N10 Ni1 122.7(4)°  
C14 N10 C15 120.8(6)°  C22 N11 C31 123.7(5)°  
C15 N10 Ni1 116.4(5)°  C31 N11 Ni2 119.1(4)°  
C22 N11 Ni2 117.0(4)°  C23 N12 Ni2 115.4(3)°  
C23 N12 C24 123.1(4)°  C26 N13 C27 112.7(4)°  
C24 N12 Ni2 121.2(3)°  C27 N13 Ni2 112.2(4)°  
C26 N13 Ni2 110.2(3)°   C29 N14 C30 122.3(5)°  
C29 N14 Ni2 121.2(4)°   C30 N14 Ni2 116.2(4)°  
C46 N15 Ni2 2_556 155.2(4)°   N1 C1 Se1 176.1(5)°  
N2 C2 Se2 177.3(5)°   N3 C3 Se3 178.0(6)°  
N4 C4 Se4 179.7(5)°   N5 C5 Se5 176.9(4)°  
N6 C6 Se6 178.1(5)°   N7 C7 C8 113.0(5)°  
N7 C7 C19 122.7(6)°   C8 C7 C19 124.2(6)°  
N8 C8 C7 115.3(6)°   N8 C8 C20 123.3(6)°  
C7 C8 C20 121.3(6)°   N8 C9 C10 118.2(6)°  
N10 C15 C21 125.8(7)°   C9 C10 C11 119.2(6)°  
N7 C16 C15 114.4(6)°   N9 C11 C10 112.4(6)°  
C15 C16 C17 125.5(6)°   N9 C12 C13 113.0(7)°  
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C17 C18 C19 123.2(6)°  C12 C13 C14 119.9(6)°  
N11 C22 C23 113.8(4)°  N10 C14 C13 112.4(5)°  
C23 C22 C34 126.6(4)°  N10 C15 C16 110.6(7)°  
N12 C23 C35 126.8(5)°  C16 C15 C21 123.2(6)°  
N12 C24 C25 111.6(4)°  N7 C16 C17 120.1(7)°  
C24 C25 C26 116.3(5)°  C16 C17 C18 117.4(6)°  
N13 C26 C25 109.7(4)°  C7 C19 C18 114.4(6)°  
N13 C27 C28 110.3(4)°  N11 C22 C34 119.6(5)°  
C27 C28 C29 117.3(5)°  N12 C23 C22 114.0(4)°  
N14 C29 C28 112.6(4)°  C22 C23 C35 119.1(4)°  
N14 C30 C31 113.8(5)°  N14 C30 C36 127.0(5)°  
C31 C30 C36 119.1(5)°  N11 C31 C30 112.3(5)°  
N11 C31 C32 120.9(5)°  C30 C31 C32 126.8(5)°  
C31 C32 C33 117.4(5)°  C32 C33 C34 121.0(5)°  
C22 C34 C33 117.4(5)°  C1 Se1 Ni1 101.65(16)° 
N15 C46 S1 176.5(5)°  N1 Mo1 N2 179.4(2)°  
C2 Se2 Ni2 103.33(16)° N2 Mo1 N3 87.45(17)° 
N1 Mo1 N3 91.99(18)°  N2 Mo1 N4 89.02(17)° 
N1 Mo1 N4 90.66(18)°  N1 Mo1 N5 87.24(17)° 
N3 Mo1 N4 91.57(18)°  N3 Mo1 N5 179.0(2)°  
N2 Mo1 N5 93.31(16)°  N1 Mo1 N6 89.84(18)° 
N4 Mo1 N5 87.82(17)°  N3 Mo1 N6 87.48(18)° 
N2 Mo1 N6 90.47(17)°  N5 Mo1 N6 93.13(17)° 
N4 Mo1 N6 178.94(19)°  N7 Ni1 N9 174.1(2)°  
N7 Ni1 N8 77.0(2)°   N7 Ni1 N10 81.2(2)°  
N8 Ni1 N9 98.9(2)°   N9 Ni1 N10 102.9(3)°  
N8 Ni1 N10 158.1(2)°   N8 Ni1 Se1 87.75(13)° 
N7 Ni1 Se1 88.82(16)°  N10 Ni1 Se1 93.93(17)° 
N9 Ni1 Se1 86.76(16)°  N8 Ni1 S1 89.75(14)° 
N7 Ni1 S1 93.69(16)°  N10 Ni1 S1 89.57(17)° 
N9 Ni1 S1 90.51(16)°  N11 Ni2 N12 79.57(18)° 
Se1 Ni1 S1 175.97(5)°  N12 Ni2 N13 101.24(19)° 
N11 Ni2 N13 172.70(19)°  N12 Ni2 N14 157.87(18)° 
N11 Ni2 N14 78.30(18)°  N11 Ni2 N15 2_546 95.78(18)° 
N13 Ni2 N14 100.72(18)°  N13 Ni2 N15 2_546 91.46(19)° 
N12 Ni2 N15 2_546 91.61(19)°  N11 Ni2 Se2 85.99(13)° 
N14 Ni2 N15 2_546 90.52(18)°  N13 Ni2 Se2 86.75(14)° 
N12 Ni2 Se2 90.16(13)°  N15 2_546 Ni2 Se2 177.70(14)° 
N14 Ni2 Se2 88.39(13)°  C1 N1 Mo1 170.0(4)°  
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Table B.1.8. Selected bond lengths and bond angles 
for[{Mo(NCS)6}{CoL}2(NCS)]n·MeCN, 10. 
S1 C1 1.623(5)Å   S1 Co1 2.6320(16)Å 
S2 C2 1.632(5)Å   S2 Co2 2.7098(15)Å 
S3 C3 1.646(6)Å   S4 C4 1.629(6)Å  
S5 C5 1.618(6)Å   S6 C6 1.619(6)Å  
S7 C46 1.651(5)Å   S7 Co1 2.5633(15)Å 
N1 C1 1.177(7)Å   N1 Mo1 2.087(5)Å  
N2 C2 1.162(7)Å   N2 Mo1 2.097(4)Å  
N3 C3 1.141(8)Å   N3 Mo1 2.094(4)Å  
N4 C4 1.168(8)Å   N4 Mo1 2.093(5)Å  
N5 C5 1.172(7)Å   N5 Mo1 2.097(4)Å  
N6 C6 1.168(7)Å   N6 Mo1 2.092(5)Å  
N7 C7 1.326(8)Å   N7 C16 1.303(8)Å  
N7 Co1 1.839(5)Å   N8 C8 1.279(9)Å  
N8 C9 1.447(8)Å   N8 Co1 2.020(6)Å  
N9 C11 1.440(8)Å   N9 C12 1.504(9)Å  
N9 Co1 1.987(5)Å   N10 C15 1.339(8)Å  
N10 C14 1.484(8)Å   N11 C22 1.344(7)Å  
N10 Co1 1.910(6)Å   N11 Co2 1.854(4)Å  
N11 C31 1.324(7)Å   N12 C24 1.472(7)Å  
N12 C23 1.294(7)Å   N13 C26 1.477(7)Å  
N12 Co2 1.961(5)Å   N13 Co2 1.981(5)Å  
N13 C27 1.484(7)Å   N14 C29 1.462(6)Å  
N14 C30 1.271(7)Å   N14 Co2 1.984(5)Å  
N15 C46 1.146(7)Å   N15 Co2 2_746 2.145(5)Å  
N16 C37 1.142(9)Å   C7 C8 1.505(8)Å  
C7 C19 1.390(9)Å   C8 C20 1.444(10)Å  
C9 C10 1.477(10)Å   C10 C11 1.551(10)Å  
C12 C13 1.501(11)Å   C13 C14 1.525(9)Å  
C15 C16 1.523(11)Å   C15 C21 1.458(10)Å  
C16 C17 1.413(8)Å   C17 C18 1.360(10)Å  
C22 C23 1.480(8)Å   C18 C19 1.391(10)Å  
C23 C35 1.479(8)Å   C22 C34 1.397(8)Å  
C25 C26 1.514(8)Å   C24 C25 1.517(8)Å  
C28 C29 1.508(8)Å   C27 C28 1.513(8)Å  
C30 C36 1.516(8)Å   C30 C31 1.477(7)Å  
C32 C33 1.410(9)Å   C31 C32 1.394(7)Å  
C33 C34 1.347(9)Å   C37 C38 1.435(10)Å  
 
C1 S1 Co1 103.66(19)° C2 S2 Co2 104.54(19)° 
C46 S7 Co1 101.95(18)° C1 N1 Mo1 169.5(4)°  
C2 N2 Mo1 166.6(4)°  C3 N3 Mo1 173.3(5)°  
C4 N4 Mo1 176.1(5)°  C5 N5 Mo1 172.6(4)°  
C6 N6 Mo1 177.0(4)°  C7 N7 C16 119.7(6)°  
C7 N7 Co1 120.8(4)°  C16 N7 Co1 119.5(5)°  
C8 N8 C9 123.0(6)°  C8 N8 Co1 115.2(4)°  
C9 N8 Co1 121.7(5)°  C11 N9 C12 111.9(5)°  
C11 N9 Co1 117.7(4)°  C12 N9 Co1 112.2(4)°  
C14 N10 Co1 125.6(4)°  C14 N10 C15 117.3(5)°  
C22 N11 C31 122.9(5)°  C15 N10 Co1 116.8(5)°  
C31 N11 Co2 119.4(4)°  C22 N11 Co2 117.7(4)°  
C23 N12 Co2 114.9(4)°   C23 N12 C24 120.0(5)°  
C26 N13 C27 112.0(4)°   C24 N12 Co2 125.0(3)°  
C27 N13 Co2 115.3(4)°   C26 N13 Co2 113.0(3)°  
C29 N14 C30 120.9(5)°   C29 N14 Co2 124.3(4)°  
C30 N14 Co2 114.4(3)°   C46 N15 Co2 2_746 154.3(4)°  
S1 C1 N1 178.2(5)°   S2 C2 N2 178.9(5)°  
S3 C3 N3 179.6(5)°   S4 C4 N4 178.0(6)°  
S5 C5 N5 177.3(5)°   S6 C6 N6 179.1(5)°  
N7 C7 C8 111.1(5)°   N7 C7 C19 122.4(6)°  
C8 C7 C19 126.4(6)°   N8 C8 C7 113.0(6)°  
N8 C8 C20 124.2(6)°   C7 C8 C20 122.7(6)°  
N8 C9 C10 118.4(6)°   N10 C15 C21 125.4(6)°  
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C9 C10 C11 114.1(6)°  N7 C16 C15 111.9(6)°  
N9 C11 C10 112.7(5)°  C15 C16 C17 125.3(6)°  
N9 C12 C13 111.8(6)°  C17 C18 C19 121.2(6)°  
C12 C13 C14 115.3(6)°  N11 C22 C23 111.8(5)°  
N10 C14 C13 111.8(5)°  C23 C22 C34 128.9(5)°  
N10 C15 C16 109.6(6)°  N12 C23 C35 127.1(5)°  
C16 C15 C21 124.7(6)°  N12 C24 C25 112.5(5)°  
N7 C16 C17 122.8(7)°  C24 C25 C26 114.4(5)°  
C16 C17 C18 116.8(6)°  N13 C26 C25 110.6(4)°  
C7 C19 C18 116.9(6)°  N13 C27 C28 111.5(4)°  
N11 C22 C34 119.3(5)°  C27 C28 C29 116.6(5)°  
N12 C23 C22 113.7(5)°  N14 C29 C28 112.4(5)°  
C22 C23 C35 119.2(5)°  N14 C30 C31 114.9(5)°  
N14 C30 C36 124.6(5)°  C31 C30 C36 120.5(5)°  
N11 C31 C30 110.5(5)°  N11 C31 C32 120.3(5)°  
C30 C31 C32 129.2(5)°  C31 C32 C33 117.3(6)°  
C32 C33 C34 121.2(5)°  C22 C34 C33 119.1(5)°  
N16 C37 C38 177.9(8)°  S7 C46 N15 178.6(5)°  
N1 Mo1 N2 179.24(19)° N1 Mo1 N3 92.05(17)°  
N2 Mo1 N3 87.18(16)°  N1 Mo1 N4 91.17(19)°  
N2 Mo1 N4 88.83(17)°  N3 Mo1 N4 91.52(18)°  
N1 Mo1 N5 87.26(17)°  N2 Mo1 N5 93.50(17)°  
N3 Mo1 N5 179.1(2)°   N4 Mo1 N5 87.96(18)°  
N1 Mo1 N6 88.78(18)°  N2 Mo1 N6 91.21(17)°  
N3 Mo1 N6 87.61(18)°  N4 Mo1 N6 179.1(2)°  
N5 Mo1 N6 92.90(18)°  S1 Co1 S7 175.25(5)°  
S1 Co1 N7 89.06(17)°  S7 Co1 N7 95.13(17)°  
S1 Co1 N8 88.08(15)°  S7 Co1 N8 90.45(15)°  
N7 Co1 N8 79.9(2)°   S1 Co1 N9 85.74(16)°  
S7 Co1 N9 89.97(15)°  N7 Co1 N9 174.2(2)°  
N8 Co1 N9 97.4(2)°   S1 Co1 N10 93.42(17)°  
S7 Co1 N10 89.38(17)°  N7 Co1 N10 82.0(2)°  
N8 Co1 N10 161.9(2)°   N9 Co1 N10 100.8(2)°  
S2 Co2 N11 86.50(14)°  S2 Co2 N12 90.22(14)°  
N11 Co2 N12 81.8(2)°   S2 Co2 N13 86.82(15)°  
N11 Co2 N13 173.3(2)°   N12 Co2 N13 99.0(2)°  
S2 Co2 N14 88.87(14)°  N11 Co2 N14 80.5(2)°  
N12 Co2 N14 162.32(19)°  N13 Co2 N14 98.6(2)°  
S2 Co2 N15 2_756 176.52(13)°  N11 Co2 
N15 
2_756 96.64(19)°  
N12 Co2 N15 2_756 91.70(19)°  N13 Co2 
N15 
2_756 90.01(19)°  
N14 Co2 N15 2_756 90.2(2)°   
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Table B.1.9. Selected bond lengths and bond angles for 
[Re(NCS)6][NiLN4(MeCN)2]·MeCN, 11. 
Ni1 N7 1.955(2)Å  Ni1 N8 2.068(2)Å  
Ni1 N9 2.015(2)Å  Ni1 N10 2.055(2)Å  
Ni1 N11 2.155(2)Å  Ni1 N12 2.123(2)Å  
N7 C7 1.333(4)Å  N7 C16 1.325(3)Å  
N8 C8 1.277(3)Å  N8 C9 1.458(3)Å  
N9 C11 1.480(4)Å  N9 C12 1.478(4)Å  
N10 C15 1.283(4)Å  N10 C14 1.466(4)Å  
N12 C24 1.127(3)Å  N11 C22 1.140(3)Å  
C7 C19 1.393(4)Å  C7 C8 1.488(4)Å  
C9 C10 1.513(5)Å  C8 C20 1.500(4)Å  
C12 C13 1.534(5)Å  C10 C11 1.527(5)Å  
C15 C16 1.502(4)Å  C13 C14 1.528(5)Å  
C16 C17 1.392(4)Å  C15 C21 1.495(4)Å  
C22 C23 1.455(3)Å  C17 C18 1.383(6)Å  
C24 C25 1.451(4)Å  C18 C19 1.378(5)Å  
Re1 N1 2.006(2)Å  Re1 N2 2.013(2)Å  
Re1 N3 2.018(2)Å  Re1 N4 2.013(2)Å  
Re1 N5 2.011(2)Å  Re1 N6 2.011(2)Å  
S1 C1 1.602(3)Å  S2 C2 1.592(3)Å  
S3 C3 1.602(3)Å  S4 C4 1.599(3)Å  
S5 C5 1.598(3)Å  S6 C6 1.598(3)Å  
N1 C1 1.163(4)Å  N2 C2 1.165(3)Å  
N3 C3 1.167(4)Å  N4 C4 1.169(3)Å  
N5 C5 1.166(3)Å  N6 C6 1.164(4)Å  
N13 C26 1.136(6)Å  C26 C27 1.426(7)Å  
N7 Ni1 N8 78.68(9)°  N7 Ni1 N9 178.58(9)°  
N8 Ni1 N9 100.27(9)°  N7 Ni1 N10 79.20(9)°  
N8 Ni1 N10 157.39(9)°  N9 Ni1 N10 101.92(9)°  
N7 Ni1 N11 89.00(8)°  N8 Ni1 N11 94.66(8)°  
N9 Ni1 N11 90.13(9)°  N10 Ni1 N11 89.59(8)°  
N7 Ni1 N12 91.22(8)°  N8 Ni1 N12 90.63(9)°  
N9 Ni1 N12 89.75(9)°  N10 Ni1 N12 85.20(9)°  
N11 Ni1 N12 174.65(9)°  Ni1 N7 C7 117.70(17)°  
Ni1 N7 C16 118.10(19)° C7 N7 C16 124.1(2)°  
Ni1 N8 C8 115.10(18)° Ni1 N8 C9 122.25(18)°  
C8 N8 C9 122.3(2)°  Ni1 N9 C11 111.22(18)°  
Ni1 N9 C12 111.87(17)° C11 N9 C12 113.8(2)°  
Ni1 N10 C15 114.59(19)° Ni1 N10 C14 121.28(19)°  
Ni1 N11 C22 166.0(2)°  C14 N10 C15 123.1(2)°  
N7 C7 C8 113.0(2)°  Ni1 N12 C24 165.7(2)°  
C8 C7 C19 127.2(3)°  N7 C7 C19 119.6(3)°  
N8 C8 C20 126.4(3)°  N8 C8 C7 115.0(2)°  
N8 C9 C10 112.3(2)°  C7 C8 C20 118.5(2)°  
C9 C10 C11 117.3(3)°  N10 C15 C21 125.7(3)°  
N9 C11 C10 112.0(2)°   N7 C16 C15 112.3(2)°  
N9 C12 C13 112.4(2)°   C15 C16 C17 128.8(3)°  
C12 C13 C14 117.7(3)°   C17 C18 C19 121.6(3)°  
N10 C14 C13 112.4(2)°   N11 C22 C23 178.6(3)°  
N10 C15 C16 115.2(2)°   N1 Re1 N2 91.42(9)°  
C16 C15 C21 119.0(3)°   N2 Re1 N3 89.68(9)°  
N7 C16 C17 118.9(3)°   N2 Re1 N4 88.82(9)°  
C16 C17 C18 118.3(3)°   N1 Re1 N5 91.37(9)°  
C7 C19 C18 117.5(3)°   N3 Re1 N5 90.51(9)°  
N12 C24 C25 178.9(3)°   N1 Re1 N6 90.66(9)°  
N1 Re1 N3 87.69(9)°   N3 Re1 N6 178.03(9)°  
N1 Re1 N4 179.38(9)°  N5 Re1 N6 88.45(9)°  
N3 Re1 N4 91.74(9)°   Re1 N2 C2 171.9(2)°  
N2 Re1 N5 177.21(8)°  Re1 N4 C4 174.5(2)°  
N4 Re1 N5 88.39(9)°   Re1 N6 C6 171.3(2)°  
N2 Re1 N6 91.44(9)°   S2 C2 N2 179.5(3)°  
N4 Re1 N6 89.91(9)°   S4 C4 N4 179.2(2)°  
Re1 N1 C1 173.4(2)°   S6 C6 N6 179.3(3)°  
Re1 N3 C3 169.8(2)°   S3 C3 N3 179.6(3)°  
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Re1 N5 C5 174.5(2)°  S5 C5 N5 178.8(2)°  
S1 C1 N1 179.4(3)°  N13 C26 C27 179.8(5)°  
  
Table B.1.10. Selected bond lengths and bond angles for 
[Re[NCS)6][Ni(en)2(MeCN)2], 12. 
Re1 N1 1.999(3)Å  Re1 N1 6_555 1.999(3)Å  
Re1 N2 2.015(4)Å  Re1 N3 2.012(3)Å  
Re1 N3 6_555 2.012(3)Å  Re1 N4 2.009(4)Å  
Ni1 N5 2.111(2)Å  Ni1 N5 6_555 2.111(2)Å  
Ni1 N6 2.102(2)Å  Ni1 N6 6_555 2.102(2)Å  
Ni1 N7 2.105(4)Å  Ni1 N8 2.111(4)Å  
C1 N1 1.163(4)Å  C1 S1 1.596(3)Å  
C2 N2 1.168(6)Å  C2 S2 1.604(5)Å  
C3 N3 1.165(4)Å  C3 S3 1.592(3)Å  
C4 N4 1.167(5)Å  C4 S4 1.608(4)Å  
C5 C6 1.519(4)Å  C5 N5 1.480(4)Å  
C6 N6 1.479(4)Å  C7 C8 1.462(7)Å  
C7 N7 1.134(6)Å  C9 N8 1.137(7)Å  
C9 C10 1.462(7)Å     
N1 Re1 N1 6_555 90.17(16)°  N1 Re1 N2 89.40(11)° 
N1 
6_555 Re1 N2 89.40(11)°  N1 Re1 N3 179.01(10)° 
N1 
6_555 Re1 N3 89.01(11)°  N2 Re1 N3 90.03(10)° 
N1 Re1 N3 6_555 89.01(11)°  
N1 
6_555 Re1 
N3 
6_555 179.01(10)° 
N2 Re1 N3 6_555 90.03(10)°  N3 Re1 
N3 
6_555 91.80(15)° 
N1 Re1 N4 91.65(10)°  N1 6_555 Re1 N4 91.65(10)° 
N2 Re1 N4 178.51(15)° N3 Re1 N4 88.94(10)° 
N3 
6_555 Re1 N4 88.94(10)°  N5 Ni1 
N5 
6_555 99.35(14)° 
N5 Ni1 N6 82.08(10)°  N5 6_555 Ni1 N6 178.57(10)° 
N5 Ni1 N6 6_555 178.57(10)° 
N5 
6_555 Ni1 
N6 
6_555 82.08(10)° 
N6 Ni1 N6 6_555 96.48(13)°  N5 Ni1 N7 87.86(10)° 
N5 
6_555 Ni1 N7 87.86(10)°  N6 Ni1 N7 92.26(10)° 
N6 
6_555 Ni1 N7 92.26(10)°  N5 Ni1 N8 90.25(10)° 
N5 
6_555 Ni1 N8 90.25(10)°  N6 Ni1 N8 89.68(10)° 
N6 
6_555 Ni1 N8 89.68(10)°  N7 Ni1 N8 177.07(15)° 
N1 C1 S1 177.7(3)°   N2 C2 S2 180.0(4)°  
N3 C3 S3 179.4(3)°   N4 C4 S4 177.9(4)°  
C6 C5 N5 108.6(3)°   C10 C9 N8 179.3(5)°  
C5 C6 N6 108.5(2)°   Re1 N2 C2 179.4(4)°  
C8 C7 N7 179.5(5)°   Re1 N4 C4 174.2(3)°  
Re1 N1 C1 174.9(3)°   Ni1 N8 C9 177.3(4)°  
Re1 N3 C3 169.0(3)°   Ni1 N6 C6 109.32(18)° 
Ni1 N5 C5 108.51(18)°  Ni1 N7 C7 168.5(4)°  
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C.  Spin density  
C.1.1. Spin density and one of the three OMs for K3Mo(NCS)6, 1. 
                             
NCS Ligand  Atom  Atom (DFT)  Spin density 
N1, C1, S1 
Angle MoNC=162.9° 
Angle NCS=179.5° 
N1 N6 -0.084097 
C1 C1 0.096178 
S1 S10 0.072329 
N2, C2, S2 
Angle MoNC=169.0° 
Angle NCS=173.5° 
N2 N7 -0.086545 
C2 C2 0.126992 
S2 S11 0.071795 
N3, C3, S3 
Angle MoNC=176.4° 
Angle NCS=175.9° 
N3 N14 / N8 -0.076586 / -0.076564 
C3 C16 / C3 0.097820 / 0.097787 
S3 S18 / S12 0.070462 / 0.070430 
N4, C4, S4 
Angle MoNC=165.6° 
Angle NCS=179.3° 
N4 N15 / N9 -0.076366 / -0.076364 
C4 C17 / C4 0.085390 / 0.085401 
S4 S19 / S13 0.060787 / 0.060785 
 
 
 
 
 
 
 
 
93 
 
C.1.2. Spin density and one of the three OMs for (PPh4)3Mo(NCS)6·2MeCN, 2. 
              
 
N C S Mo  
-0.075417 0.085085 0.06432 2.521467 Mo1 
-0.076352 0.08783 0.065893   
-0.078432 0.094175 0.069746   
-0.076581 0.088087 0.064454   
-0.077863 0.090577 0.066542   
-0.078202 0.094561 0.070111   
     
-0.078071 0.091139 0.066833 2.509164 Mo2 
-0.077622 0.091322 0.068098   
-0.077002 0.092689 0.068006   
-0.077303 0.089451 0.066049   
-0.077923 0.091415 0.067781   
-0.079453 0.095484 0.069942   
     
-0.079453 0.085085 0.06432 MIN  
-0.075417 0.095484 0.070111 MAX  
-0.07751842 0.09098458 0.06731458 MOYENNE  
     
-0.02495644 0.06484157 0.0444864 (MOY-MIN)/MOY 
-0.02710861 0.04945252 0.04154251 (MAX-MOY)/MOY 
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C.1.3. Spin density and one of the three OMs for (PPh4)3Mo(NCSe)6·MeCN, 4. 
       
N C Se Mo  
-0.081242 0.097615 0.067972 2.474089  
-0.074613 0.089112 0.061708   
-0.079583 0.099643 0.06752   
-0.08283 0.104667 0.069896   
-0.086303 0.107056 0.072968   
-0.084777 0.103674 0.073428   
     
-0.086303 0.089112 0.061708 MIN  
-0.074613 0.107056 0.073428 MAX  
-0.081558 0.1002945 0.06891533 MOYENNE  
     
-0.05817946 0.11149664 0.10458243 (MOY-MIN)/MOY 
-0.08515412 0.06741646 0.06548132 (MAX-MOY)/MOY 
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C.1.4. Spin density and one of the three OMs for (PPh4)2Re(NCS)6·MeCN, 6. 
           
NCS Ligand  Atom Atom (DFT)  Spin density 
N1, C1, S1 
Angle ReNC=175.83 
Angle NCS=178.08 
N1 N3, N5 -0.045932 
C1 C2, C10 +0.063151 
S1 S1, S15 +0.136116 
N2, C2, S2 
Angle ReNC=175.85 
Angle NCS=178.80 
N2 N6, N7 -0.044941 
C2 C11, C12 +0.066886 
S2 S16, S17 +0.141183 
N3, C3, S3 
Angle ReNC=173.16 
Angle NCS=179.44 
N3 N8, N9 -0.046718 
C3 C13, C14 +0.063512 
S3 S18, S19 +0.134464 
 
 
 
 
  
 
CHAPTER 2 
 
[Mo(NCS)6]3--Based 1-D Heteronuclear 
Polymers: Mixed-Valence and 
Heterotrimetallic Compounds 
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2.1. INTRODUCTION 
The design and rational construction of 1-D coordination polymers has known a 
revival since it has been shown that such compounds may exhibit slow magnetic relaxation 
behaviors when favorable conditions are met.1-7 One of the desirable conditions is a large 
energy separation between the spin ground state and the states of higher energy, which is 
obtained when strong exchange interactions take place between the magnetic centers. This has 
lead to involve 4d or 5d metal ions as spin carriers for the design of chains.8-22 In some cases 
such ions can also contribute to the magnetic anisotropy. The vast majority of these 
heterometallic chain compounds involve cyanide as bridging ligand. This ligand efficiently 
mediates the exchange interactions, moreover many cyanide complexes of 4d and 5d metal 
ions that can be used as building blocks are known.  
In the previous chapter, we have shown that thiocyanate may also efficiently mediate 
the magnetic communication between paramagnetic centers, especially when this ligand is 
associated to MoIII or ReIV. Here we will report on 1-D compounds obtained with 
{Mo(NCS)6}3- and suitable 3d complexes (i.e. NiII and CoIII). The NCS-bridged 3d-Mo chains 
we have obtained are anionic and associated to a 3d complex that is acting as cation. This led 
us to design a mixed valence CoII/CoIII system and a heterotrimetallic compound. 
 
2.2. EXPERIMENTAL SECTION 
All the syntheses were accomplished under a Nitrogen atmosphere. The chemicals were 
bought from commercial sources and used as received. The deoxygenated solvents were 
prepared by refluxing under a Nitrogen atmosphere. The starting materials Ni(en)2Cl2, 
K3Mo(NCS)6 23, (NEt4)3Mo(NCS)6 24, [Ni(en)2]Cl2 25, [Ni(en)3]Cl2 25, [CoIILN4](ClO4)2 26 , 
[CoIIILN4(Br)2](ClO4) 27 , [NiLN4(H2O)2](ClO4)2 28, were prepared as described in the 
literature.  Elemental C, H and N analyses were performed on a Perkin-Elmer 2400 II analyser 
on freshly prepared and isolated samples. IR spectra were recorded in the 4000-600 cm-1 
region with a Perkin-Elmer Spectrum 100 FTIR using the ATR mode. Magnetic 
measurements were carried out with a Quantum design MPMS 5S SQUID susceptometer in 
the temperature domain 2-300 K in an applied field of 1000 Oe. The molar susceptibility was 
corrected for sample holder and for the diamagnetic contribution of all the atoms by using 
Pascal’s tables. The measurements were performed on crushed crystals from freshly isolated 
samples to avoid solvent loss. The powders were mixed to grease and put in gelatin capsules. 
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2.2.1. Synthesis of [{Mo(NCS)6Ni(en)2]·0.5{Ni(en)3}·H2O, 1.  
Three solutions were successively layered in a Schelck tube under Nitrogen according the 
following order (from the bottom to the top of the tube): 1) Ni(en)3Cl2 (26 mg; 0.09 mmol) in 
10 mL H2O 2) Ni(en)2Cl2 (225 mg; 0.9 mmol) in 10 mL EtOH and H2O in a 50:50 v/v 
proportion and 3) K3Mo(NCS)6 (111 mg; 0.18 mmol) dissolved in 10 mL EtOH. After one 
day orange-brown crystals of 1 were collected. 
Yield : 45 mg (33 %) 
IR (ν, cm-1): 3320 (m), 3297 (m), 3250 (m), 2946 (w), 2887 (w), 2103 (m), 2052 (s), 2024 (s), 
1569 (m), 1456 (m), 1393 (w), 1366 (w), 1278 (m),1139 (w), 1124 (w), 1097 (m), 1010 (s), 
960 (m), 815 (w), 749 (w) 
Elemental Analysis 
Calculated (found) for C13H28N13Mo1Ni1.5S6.0.5H2O: C, 20.77 (21.03) %; H, 3.89 (3.54) %; 
N, 24.22 (24.00)%· 
2.2.2. Synthesis of [{Mo(NCS)6}NiLN4]·0.5{NiLN4(H2O)2}, 2. 
 A solution of [NiLN4(H2O)2](ClO4)2 (61 mg; 0.118 mmol) in 10 mL CH3CN was carefully 
layered on the top of a solution of (NEt4)3Mo(NCS)6 (100 mg; 0.118 mmol) in 10 mL 
CH3CN. Black needles of 2 were collected after one day. 
Yield : 65 mg (59 %)  
IR (ν, cm-1): 2913 (w), 2041 (s), 1612 (w), 1575 (m), 1420 (m), 1359 (w), 1274 (m), 1262 
(m), 1208 (w), 1149 (w), 1059 (w), 1045 (m), 945 (w), 909 (m), 805 (m), 740 (m), 668 (w). 
Elemental Analysis 
Calculated (found) for C28.5H35N12Mo1Ni1.5S6O: C,  36.49 (36.93) %; H,  3.76 (3.55) %; N, 
17.91 (17.71) %· 
2.2.3. Synthesis of [{Mo(NCS)6}NiLN4]·{CoIIILN4Br2}·MeCN, 3.  
A solution of [NiLN4(H2O)2](ClO4)2 (30.5 mg; 0.059 mmol) in 5 mL CH3CN and 5 mL H2O 
was carefully layered over a filtrated solution of (NEt4)3Mo(NCS)6 (50 mg; 0.059 mmol) and 
[CoIIILN4(Br)2](ClO4) (102 mg; 0.177 mmol) in 15 mL CH3CN. Black crystals of 3 were 
collected after one day. 
Yield : 40 mg (57 %) 
99 
 
IR (ν, cm-1): 3210 (w), 30.34 (w), 2914(m), 2291 (w), 2250 (w), 2107 (m),  2051 (s), 1609 
(w), 1577 (m), 1460 (w), 1426 (m), 1358 (m), 1307 (w), 1274 (m), 1260 (m), 1214 (m), 1204 
(m), 1172 (w), 1143 (m), 1093 (w), 1061 (m), 1009 (m), 937 (m), 910 (m), 891 (m), 815 (m), 
751 (w), 662 (w). 
Elemental Analysis 
Calculated (found) for C36H44N14Br2Co1Mo1Ni1S6: C, 34.91 (34.94) %; H,3.58 (3.57) %; 
N,15.83 (15.76) %· 
2.2.4. Synthesis of [{Mo(NCS)6}CoLN4]·{CoIIILN4Br2}·MeCN, 4.  
A solution of [CoIILN4](ClO4)2 (31.5 mg; 0.059 mmol) in 5mL CH3CN and 5 mL H2O was 
carefully layered over a filtrated solution of (NEt4)3Mo(NCS)6 (50 mg; 0.059 mmol) and 
[CoIIILN4(Br)2](ClO4) (102 mg; 0.177 mmol) in 15 mL CH3CN. Brown black crystals of 4 
were collected after two days. 
Yield : 50 mg (66 %) 
IR (ν, cm-1): 3309 (w), 31.50 (w), 2911 (m), 2105 (m), 2049 (s), 1576 (m), 1427 (m), 
1357(m), 1322 (w), 1309 (w), 1276 (m), 1252 (w), 1211(m), 1143 (m), 1075 (m), 1060 (m), 
1038 (m),  1026 (m), 954 (w), 934 (m), 890 (m), 816 (m), 801(m), 752 (m). 
Elemental Analysis 
Calculated (found) for C36H44N14Br2Co2Mo1S6.CH3CN: C, 35.66 (35.56) %; H, 3.70 (3.88) 
%; N, 16.41 (16.48) %· 
2.2.5. Crystal structures determination 
X-Ray diffraction data for the crystals were collected at 180 K on an Oxford Diffraction 
Gemini or Xcalibur diffractometer using a graphite-monochromated Mo K radiation source 
(λ=0.71073 Å). The structures were solved SIR9229 (cpd1) SUPERFLIP30  (cpd2) or 
SHELXS8631 (cpd3), and refined by means of least-square procedures on F using the 
programs of the PC version of CRYSTALS32 . Multiscan absorption corrections were applied. 
Atomic scattering factors were taken from the International tables for X-ray 
Crystallography.33 All non-hydrogen atoms were refined anisotropically. Hydrogen atoms 
were refined with riding constraints. Crystallographic and refinement data are given in Table 
2.1. For cpd2, it was not possible to resolve diffuse electron-density residuals (enclosed 
solvent molecules). Treatment with the SQUEEZE34 facility from PLATON35 resulted in a 
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smooth refinement. Since a few low order reflections are missing from the data set, the 
electron count will be underestimated. Thus, the values given for D(calc), F(000) and the 
molecular weight are only valid for the ordered part of the structure. 
 
 1 3 4 
Formula C13 H29 Mo1 N13 Ni1.50 
O0.50 S6 
C36 H44 Br2 Co1 Mo1 N14 Ni1 
S6 
C36 H44 Br2 Co2 Mo1 N14 S6 
FW 751.86 1238.63 1238.85 
Crystal system Monoclinic monoclinic monoclinic 
Crystal color orange black black 
Space group C 1 2/c 1 P 21/c P 21/c 
a /Å 28.118(2) 14.6508(4) 14.6700(4) 
b /Å 13.8711(5) 28.7479(7) 28.7210(6) 
c /Å 16.1238(9) 12.4509(3) 12.4729(3) 
 /° 90 90 90 
 /° 116.191(7) 108.009(3) 107.844(2) 
 /° 90 90 90 
V /Å3 5643.1(6) 4987.1(2) 5002.5(2) 
Z 8 4 4 
T /K 180 180 180 
calcd /gcm-1 1.77 1.65 1.65 
 (Mo-K) /mm-1 
F(000) 
Absorption correction 
Tmin 
Tmax 
1.912 
3048.000 
Multi-scan 
0.58 
0.62 
2.846 
2484.000 
Multi-scan 
0.37 
0.57 
2.793 
2480.000 
Multi-scan 
0.45 
0.57 
Index ranges -38 ≤ h ≤ 34 
-18 ≤ k ≤ 18 
-20 ≤ l ≤ 22 
-19 ≤ h ≤ 17 
0 ≤ k ≤ 39 
0 ≤ l ≤ 16 
-19 ≤ h ≤ 19 
-39 ≤ k ≤ 39 
-15 ≤ l ≤ 17 
Reflections collected 24185 58242 67479 
Independent reflections 
(Rint) 
7481 (0.042) 12346 (0.054) 12182 (0.054) 
R1/wR2 0.0316/0.0361 (I >3(I)) 0.0866/0.0739 (I >3(I)) 0.0757/0.0757(I >3(I)) 
R1/wR2 (all data) 0.0580/0.0503 0.1201/0.0858 0.0839/0.0791 
Table 2.1 Crystallographic and refinement data 
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2.3. RESULTS AND DISCUSSION 
I. Synthesis: 
 The 3d complexes used in association with [Mo(NCS)6]3- for the construction of 1-D 
compounds are [Ni(en)2S2]2+, [NiLN4S2]2+, [CoLN4S2]2+, and [CoLN4Br2]+, where en stands for 
ethylene diamine, LN4 for the macrocyclic ligand already used in Chapter 1, and S denotes a 
labile ligand such as H2O or MeCN. For [Ni(en)2S2]2+, the coordination sites accessible for 
[Mo(NCS)6]3- are cis while they are trans for the complexes bearing the macrocyclic ligand.  
The 1-D coordination polymers [{Mo(NCS)6}Ni(en)2]·0.5{Ni(en)3}·H2O, 1, and 
[{Mo(NCS)6}NiLN4]·0.5{NiLN4(H2O)2}, 2, have been obtained by interdiffusion of the 
corresponding reagents’ solutions. The presence of a non-coordinated 3d complex acting as 
cation for the anionic chain of 1 and 2 suggested possible magnetic interactions between the 
chains mediated by this paramagnetic component. Therefore its replacement by a diamagnetic 
cation has been envisaged. Reactions with [Ni(en)2S2]2+ and [NiLN4S2]2+ in the presence of 
excess (5equiv)  tetraalkylammonium or PPh4+ failed; crystals of 1 and 2 were obtained as 
only solid product. This lead to consider the diamagnetic [CoLN4Br2]+ complex as 
diamagnetic cationic counterpart. The reaction of [Mo(NCS)6]3- and either [NiLN4S2]2+ or 
[CoLN4S2]2+ in the presence of [CoLN4Br2]+ yielded 
[{Mo(NCS)6}MLN4]·{CoIIILN4Br2}·MeCN, 3 (M = NiII) and 4 (M = CoII), respectively.  
The molecular crystal structures for compounds 1-4 have been investigated by X-ray 
diffraction experiments on single crystals. For compound 2 the quality of the crystals and 
strongly disordered macrocyclic complexes did not allow to properly refine the structure. 
However, the information obtained allowed to establish that the compound consists in a chain 
of [Mo(NCS)6] and {NiLN4}2+ moieties with half a {NiLN4S2}2+ acting as counter cation. This 
formulation is also confirmed by chemical analysis data (see experimental section).   
II. Crystal structures: Crystallographic data for 1, 3 and 4 are given in Table 2.1. ORTEP 
plots and tables with geometrical information are provided as supporting information.  
[{Mo(NCS)6}Ni(en)2]·0.5{Ni(en)3}·H2O, 1, consists in an anionic 1-D coordination polymer 
made up by [Mo(NCS)6] and [Ni(en)2] units linked by the means of thiocyanate ligands with 
[Ni(en)3]2+ complexes acting as counter ions, and H2O molecules located in the lattice (Figure 
2.1). Each [Mo(NCS)6] is connected to two [Ni(en)2] units by NCS ligands in cis positions 
and each Ni is linked to two [Mo(NCS)6] units, hence developing in to a chain structure along 
c direction. The Ni center has an octahedral coordination sphere with two ethylene diamine 
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ligands and two S atoms from the thiocyanate ligands. The latter belong to two different 
[Mo(NCS)6] units and are found in coordination sites cis to each other. The Ni units are chiral 
but the two enantiomers alternate in the chain. The angle of the NCS- Ni linkage is close to 
90° as usually found for the coordination of a sulfur atom. The charge of the chain is 
compensated by {Ni(en)3}2+ complexes. Initially these were formed in solution from 
Ni(en)2Cl2, but much improved yields were reached when this complex was added to the 
reaction mixture. The crystal packing (Figure 2.2) shows that the chains are organized in 
layers, the {Ni(en)3}2+ and the H2O solvate molecules are sandwiched between these pseudo-
layers. This overall organization is similar to that found for the 
[{Cr(NCS)6}{Ni(en)2}][Ni(en)3] homologue.36 Short separations are found between the 
chains, these involve non-coordinated sulfur atoms of the thiocyanate ligands with S···S 
contacts below 4 Å (see figure 2.2). We do mention these contacts because they may play a 
role in intermolecular magnetic interactions as shown in chapter 1. 
 
Figure 2.1. [{Mo(NCS)6}Ni(en)2]·0.5{Ni(en)3}·H2O 1 Selected bond lengths (Å) and angles (°) patterning to the 
anionic units: distances (Å) Mo1-N2, 2.088(5); Mo1-N1, 2.096(5); Ni1-S2, 2.578(2) ; Ni1-S1 = 2.624(1) ; angles 
(°) Ni1-S2-C2, 104.54(18) ; Ni1-S1-C1 , 92.109(17); Mo1-N1-C1, 171.995(42); Mo1-N2-C2, 172.770(40).   
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Figure 2.2. (left) Organization of 1 in the crystal, (right) Close contacts between chains; the shortest S···S 
separations are materialized by dotted lines. Distances (Å): S2···S2, 3.92; S2···S3, 3.73; S4···S3, 3.72; 
 
[{Mo(NCS)6}NiLN4]·{CoIIILN4Br2}·MeCN, 3, consists in a 1-D coordination polymer 
resulting from the association of [Mo(NCS)6]3- and {NiLN4}2+ moieties by the means of 
thiocyanate ligands (Figure 2.3). Each Mo units is linked to two Ni by two of its NCS ligands 
positioned in trans and each Ni center accommodates in its apical positions two S coming 
from two [Mo(NCS)6]3- units. As already seen for compound 1, the Ni-SCN linkages are bent. 
The charge of this anionic chain is compensated by [CoLN4Br2]+ complexes. The crystal 
packing reveals that closest contacts between the chains are the result of π-π stacking between 
the aromatic moieties of the LN4 ligands (Figure 2.4).  
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Figure 2.3. [{Mo(NCS)6}NiLN4]·{CoIIILN4Br2}·MeCN, 3. Selected bond lengths (Å) and angles (°) : distances 
(Å) Co1-Br1, 2.413(2); Co1-Br2, 2.381(2); Ni1-S2, 2.561(2) ; Ni1-S1 , 2.645(2); Mo1-N2, 2.083(5); Mo1-N1 , 
2.114(5); angles (°) Ni1-S2-C2, 108.65(2); Ni1-S1-C1 ,103.27(2); Mo1-N1-C1, 167.810(43); Mo1-N2-C2, 
176.279(43); Br1-Co1-Br2, 179.710(75). 
 
Figure 2.4. π-π stacking between the aromatic moieties of the LN4 ligands in 
[{Mo(NCS)6}NiLN4]·{CoIIILN4Br2}·MeCN, 3.  Distances between the centroids of the pyridine units for Ni(II)LN4 
and Co(III)LN4Br2 : 4.078 (Å); Ni(II)LN4 and Ni(II)LN4 : 4.008 (Å).   
 
The molecular structure for [{Mo(NCS)6}CoIILN4]·{CoIIILN4Br2}·MeCN, 4, is very similar to 
that of 3. A view of the molecular organization is given in Figure 2.5 with selected 
geometrical features.  
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Figure 2.5. (left) [{Mo(NCS)6}CoLN4]·{CoIIILN4Br2}·MeCN, 4. Selected bond lengths (Å) and angles (°) 
patterning to the anionic units: distances (Å) Co2-Br2, 2.396(2); Co2-Br1, 2.362(2); Co1-S2, 2.577(2) ; Co1-S1 , 
2.690(3); Mo1-N2, 2.083(6); Mo1-N1 , 2.113(6); angles (°) Co1-S2-C2 , 108.43(3); Co1-S1-C1 ,102.602(28); 
Mo1-N1-C1, 167.756(57); Mo1-N2-C2, 176.431(58); Br1- Co2-Br2, 179.661(74). (right) Detail of the - 
stacking  between chains:  Co(II)LN4  and Co(III)LN4Br2 : 4.093 (Å); Co(II)LN4 and Co(II)LN4 : 4.027 (Å). 
 
III. Magnetic properties 
The temperature dependence of the magnetic susceptibility for compounds 1-4 has been 
investigated between 300 and 2 K. The results, plotted as MT versus T, are depicted in 
Figures 2.6-2.9. The overall behavior observed for all the four compounds is very similar. The 
value of MT at 300 K is below the value anticipated for the paramagnetic components in the 
absence of interactions. This value steadily decreases as T is lowered; passes a broad 
minimum before exhibiting a slight increase followed by a new decrease at T tends to 2 K. 
Such a behavior underlines rather strong antiferromagnetic interactions within the chain, and 
the upturn corresponds to the long range correlation anticipated for a ferrimagnetic system. 
However, instead of reaching the large values expected for a chain, MT only slightly 
increases after the minimum before decreasing again, thus revealing the occurrence of 
antiferromagnetic interactions between the chains.  
For compound 1 (Figure 2.6), the value for MT at 300 K is 2.60 cm3mol-1K, which is much 
below the value of 3.69 cm3mol-1K anticipated for one S = 3/2 (g = 2.0) and 1.5S = 1 (g = 
2.20) in the absence of exchange interactions. This value steadily decreases down to 2 K but 
the slop shows an inflexion at ca. 40 K with MT =1.0 cm3mol-1K, suggesting that the low T 
behavior is due to a contribution different from that governing the higher temperature 
behavior. It can be noticed that the value for MT at the inflexion is in the order of that 
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expected for the ground state of antiferromagnetically coupled Mo and Ni plus the 
contribution of half a Ni ion.  
The experimental magnetic behaviors has been modeled by an expression of the susceptibility 
proposed by Drillon et al. valid for a chain system involving two different spins in 
antiferromagnetic interactions.37, 38 To account for the contribution of the paramagnetic 
cations present in 1, the contribution of half an S = 1 spin was added. The inter-
chain/molecular interactions have been considered in the mean field approximation. The final 
expression used for the susceptibility is as given by Wrzeszcz.36 The experimental behavior is 
perfectly reproduced by the model introduced above (Figure 2.6), best fit yielded JNiMo = -
34.0 ± 0.3 cm-1; zJ’ = -5.8 ± 0.1 cm-1, gMo = 2.0 (fixed), gNi = 2.20 (fixed). 
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Figure 2.6. Experimental (O) and calculated () MT versus T behavior for 
[{Mo(NCS)6}Ni(en)2]·0.5{Ni(en)3}·H2O, 1. Best fit parameters: JNiMo = -34.0 ± 0.3 cm-1; zJ’ = -5.8 ± 0.1 cm-1, 
gMo = 2.0 (fixed), gNi = 2.20 (fixed). 
 
The MT versus T behavior for [{Mo(NCS)6}NiLN4]·0.5{NiLN4}·MeCN, 2 (Figure 2.7) is very 
similar to that of 1 except that MT exhibits an upturn with a maximum at lower temperature. 
At 300 K the value for MT is 2.36 cm3mol-1K. This value decreases rapidly for lower 
temperatures, passes a rounded minimum with 0.70 cm3mol-1K at 35 K, before increasing to a 
maximum of 1.05 cm3mol-1K at 16 K below which temperature it falls again. This 
experimental behavior is poorly reproduced by the model introduced above for 1. In Figure 
2.7 we provide a calculated behavior that reproduces the minimum and the maximum of the 
curve at the temperatures observed experimentally. However the calculated and experimental 
values of MT do not match. 
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Figure 2.7. Experimental (O) and calculated () MT versus T behavior for 
[{Mo(NCS)6}NiLN4]·0.5{NiLN4}·MeCN, 2. Best fit parameters: JNiMo = -34.0 ± 0.3 cm-1; zJ’ = -5.8 ± 0.1 cm-1, 
gMo = 2.0 (fixed), gNi = 2.20 (fixed). 
 
The magnetic behavior for the trimetallic compound 
[{Mo(NCS)6}NiLN4]·{CoIIILN4Br2}·MeCN, 3, is given in Figure 2.8. If the overall behavior 
looks similar to that described above for these chain compounds, some details deserve a 
comment. The minimum value for MT before of its upturn is found at T = 72 K (with 1.44 
cm3mol-1K), a temperature much above that observed for the homologous chain 2. This is 
suggesting stronger {Mo-Ni} exchange interactions for 3. However, this is in contrast with 
the value of 2.33 cm3mol-1K reached by MT at 300 K, a value larger than that for 2. Attempts 
to model this behavior with the theoretical expression for the ferromagnetic chain system 
introduced above confirmed this dissonance but also revealed that, down to the upturn of the 
curve, the values of MT found experimentally are larger than anticipated for this system. It is 
likely that during the crystallization process some reduction of CoIII to CoII has occurred, and 
a few {CoIILN4} may have been included in to the 1-D organization. We have seen in Chapter 
1 that in this environment Co has high spin, and because of its unquenched orbital momentum 
this ion strongly contributes to MT. The presence of some CoII in the chain may thus explain 
the somewhat large MT values. 
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Figure 2.8. MT versus T behavior for [{Mo(NCS)6}NiLN4]·0.5{CoLN4Br2}·MeCN (with H = 1000Oe), 3. 
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Figure 2.9. Magnetic behavior for [{Mo(NCS)6}CoLN4]·0.5{CoLN4Br2}·MeCN, 4. (left) MT versus T; (right) 
field dependence of the magnetization. 
 
The temperature dependence of MT for [{Mo(NCS)6}CoIILN4]·{CoIIILN4Br2}·MeCN, 4, is 
plotted in Figure 2.9. The value for MT at 300 K is 4.12 cm3mol-1K. This value is larger than 
the value anticipated for two S = 3/2 centers in the absence of interaction because of the 
contribution of the unquenched orbital momentum of CoII. The curve exhibits a large rounded 
minimum that is reached for 94 K with MT = 2.51 cm3mol-1K. For lower temperatures MT 
increases, passes a maximum of 4.01 cm3mol-1K for 17 K and steeply decreases afterwards. 
Here again, the behavior is characteristic for a ferrimagnetic chain system with 
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antiferromagnetic interchain interactions. The exchange interaction between Mo and Co 
appears to be larger than the Mo-Ni interaction if one considers that the upturn of the MT 
versus T curve takes place for a temperature higher than for compounds 1-3.  
The field dependence of the magnetization recorded at 2 K reveals a meta-magnetic like 
behavior which can be attributed to the interchain interactions. Such an S-shaped curve is no 
longer found at 10 K.  
 
2.4. CONCLUDING REMARKS 
The series of chain compounds achieved with [Mo(NCS)6]3- as building unit are the first 
example of coordination polymers formed with this thiocyanate complex. The associated 3d 
building units bearing 2+ charges, the resulting heterometallic chains are anionic with non-
coordinated 3d complexes acting as cations. This allowed manipulating the nature of the 
cation. Performing the assembling reaction in the presence of the diamagnetic [CoLN4Br2]+ 
complex designed to act as mono-cation, a new example of heterotrimetallic {Ni-Co-Mo} 
compound was achieved. It can be stressed that rational preparations of heterotrimetallic 
compounds remain rare.9, 20, 39-45 The magnetic characteristics for this {Ni-Co-Mo} compound 
suggest, however, that the Co unit is not solely limited to the role of counter-cation; a fraction 
of it is also included in the 1-D polymer as CoII. Using the same strategy and allowing 
reacting concomitantly CoII and CoIII with [Mo(NCS)6]3-, yielded a mixed-valent Co 
compound. 
For all the compounds, the magnetic behavior reveals rather strong antiferromagnetic 
interaction between MoIII and the paramagnetic 3d ion within the chain. It can be noticed that 
the exchange interaction is substantially larger with CoII than for NiII.  
The magnetic behaviors also revealed the occurrence of interchain interactions. These are due 
either to - stacking of the aromatic moieties of the 3d metal ligand or to short S···S contacts. 
The present on the S atoms of sizeable spin density favors such interamolecular exchange 
interactions when separation between the concerned atoms becomes short. This can be seen as 
a weakness of a building unit such as [Mo(NCS)6]3- when not all the NCS ligands are 
involved in coordination to another metal center.  
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2.6. SUPPORTING INFORMATION 
A. ORTEP plots and other Figures 
Figure A.2.1. ORTEP view of the asymmetric unit of 
[{Mo(NCS)6}Ni(en)2]·0.5{Ni(en)3}·H2O, 1. 
 
Figure A.2.2. ORTEP view of the asymmetric unit of 
[{Mo(NCS)6}NiLN4]·{CoIIILN4Br2}·MeCN, 3. 
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Figure A.2.3. ORTEP view of the asymmetric unit of 
[{Mo(NCS)6}CoLN4]·{CoIIILN4Br2}·MeCN, 4. 
 
Figure A.2.4. View of [{Mo(NCS)6}NiLN4]·{CoIIILN4Br2}·MeCN, 3.  
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Figure A.2.5. View of [{Mo(NCS)6}CoLN4]·{CoIIILN4Br2}·MeCN, 4. 
 
Figure A.2.6. Field dependence of the magnetization at T = 2K for 
[{Mo(NCS)6}Ni(en)2]·0.5{Ni(en)3}·H2O, 1. 
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Figure A.2.7. Field dependence of the magnetization at T = 2K for 
[{Mo(NCS)6}NiLN4]{Co(III)LN4Br2}·MeCN, 3. 
 
Figure A.2.8. Field dependence of the magnetization at T = 2K for 
[{Mo(NCS)6}CoLN4]{Co(III)LN4Br2}·MeCN, 4. 
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B. Selected bond lengths and angles 
 Table B.2.1. Selected bond lengths and bond angles for 
[{Mo(NCS)6}Ni(en)2]·0.5{Ni(en)3}·H2O, 1. 
N1 C1 1.156(4)Å   N1 Mo1 2.092(3)Å  
N2 C2 1.154(4)Å   N2 Mo1 2.086(3)Å  
N3 C3 1.156(4)Å   N3 Mo1 2.082(2)Å  
N4 C4 1.153(4)Å   N4 Mo1 2.069(3)Å  
N5 C5 1.149(4)Å   N5 Mo1 2.076(3)Å  
N6 C6 1.161(4)Å   N6 Mo1 2.094(3)Å  
N7 C7 1.458(5)Å   N7 Ni1 2.068(3)Å  
N8 C8 1.464(4)Å   N8 Ni1 2.093(3)Å  
N9 C9 1.467(5)Å   N9 Ni1 2.089(3)Å  
N10 C10 1.467(4)Å   N10 Ni1 2.042(3)Å  
N11 C11 1.459(4)Å   N11 Ni2 2.111(3)Å  
N12 C12 1.479(4)Å   N12 Ni2 2.108(2)Å  
N13 C13 1.481(4)Å   N13 Ni2 2.128(3)Å  
C1 S1 1.625(3)Å   C2 S2 1.621(3)Å  
C3 S3 1.615(3)Å   C4 S4 1.610(3)Å  
C5 S5 1.606(3)Å   C6 S6 1.606(3)Å  
C7 C8 1.445(7)Å   C9 C10 1.476(5)Å  
C11 C12 1.492(5)Å   C13 C13 5_656 1.503(7)Å  
S1 Ni1 2.6229(9)Å   S2 Ni1 6_554 2.5796(9)Å  
 
C1 N1 Mo1 172.1(2)°  C2 N2 Mo1 172.8(3)°  
C3 N3 Mo1 169.4(2)°  C4 N4 Mo1 172.9(3)°  
C5 N5 Mo1 168.5(3)°  C6 N6 Mo1 167.2(3)°  
C7 N7 Ni1 108.6(2)°  N2 C2 S2 179.8(3)°  
C8 N8 Ni1 108.0(2)°  N4 C4 S4 179.1(3)°  
C9 N9 Ni1 107.5(2)°  N6 C6 S6 178.1(3)°  
C10 N10 Ni1 108.7(2)°  C2 S2 Ni1 6_554 104.62(11)° 
C11 N11 Ni2 106.77(19)° N1 Mo1 N3 92.76(10)° 
C12 N12 Ni2 109.25(19)° N1 Mo1 N4 177.16(10)° 
C13 N13 Ni2 109.03(19)° N3 Mo1 N4 89.64(10)° 
N1 C1 S1 177.1(3)°  N2 Mo1 N5 89.11(10)° 
N3 C3 S3 177.9(3)°  N4 Mo1 N5 88.64(10)° 
N5 C5 S5 178.8(3)°  N2 Mo1 N6 178.50(10)° 
N7 C7 C8 110.6(4)°  N4 Mo1 N6 88.19(11)° 
N8 C8 C7 112.3(3)°  N11 Ni2 N11 5_656 95.86(15)° 
N9 C9 C10 109.2(3)°  N11 5_656 Ni2 N12 91.25(10)° 
N10 C10 C9 109.8(3)°  N11 5_656 Ni2 
N12 
5_656 82.28(10)° 
N11 C11 C12 109.9(3)°  N11 Ni2 N13 172.04(10)° 
N12 C12 C11 111.1(3)°   N12 Ni2 N13 95.39(10)° 
N13 C13 C13 5_656 107.9(2)°   N11 Ni2 
N13 
5_656 91.79(10)° 
C1 S1 Ni1 92.13(10)°   N12 Ni2 N13 5_656 91.95(10)° 
N1 Mo1 N2 88.82(10)°   N13 Ni2 N13 5_656 80.67(14)° 
N2 Mo1 N3 87.24(10)°   N7 Ni1 N9 97.41(11)° 
N2 Mo1 N4 92.82(11)°   N7 Ni1 N10 178.86(11)° 
N1 Mo1 N5 89.07(10)°   N9 Ni1 N10 83.22(10)° 
N3 Mo1 N5 175.88(11)°  N8 Ni1 S1 172.41(8)° 
N1 Mo1 N6 90.13(11)°   N10 Ni1 S1 90.51(8)°  
N3 Mo1 N6 93.87(10)°   N8 Ni1 S2 6_555 95.31(8)°  
N5 Mo1 N6 89.82(10)°   N10 Ni1 S2 6_555 89.16(7)°  
N11 Ni2 N12 82.28(10)°   N7 Ni1 N8 82.63(11)° 
N11 Ni2 N12 5_656 91.25(10)°   N8 Ni1 N9 93.31(11)° 
N12 Ni2 N12 5_656 170.37(14)°  N8 Ni1 N10 96.39(11)° 
N11 
5_656 Ni2 N13 91.79(10)°   N7 Ni1 S1 90.43(8)°  
N12 
5_656 Ni2 N13 91.95(10)°   N9 Ni1 S1 90.60(8)°  
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N11 
5_656 Ni2 
N13 
5_656 172.04(10)° N7 Ni1 
S2 
6_555 90.34(8)°  
N12 
5_656 Ni2 
N13 
5_656 95.39(10)° N9 Ni1 
S2 
6_555 169.08(8)° 
     S1 Ni1 S2 6_555 81.62(3)°  
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Table B.2.2. Selected bond lengths and bond angles for 
[{Mo(NCS)6}NiLN4]·{CoIIILN4Br2}·MeCN, 3. 
C1 N1 1.172(7)Å   C1 S1 1.614(5)Å  
C2 N2 1.159(7)Å   C2 S2 1.628(5)Å  
C3 N3 1.165(9)Å   C3 S3 1.611(8)Å  
C4 N4 1.157(8)Å   C4 S4 1.620(6)Å  
C5 N5 1.148(8)Å   C5 S5 1.620(7)Å  
C6 N6 1.177(8)Å   C6 S6 1.612(6)Å  
C7 C8 1.566(10)Å   C7 C19 1.355(10)Å  
C7 N7 1.323(8)Å   C8 C20 1.456(10)Å  
C8 N8 1.256(9)Å   C9 C10 1.521(11)Å  
C9 N8 1.447(9)Å   C10 C11 1.516(11)Å  
C11 N9 1.471(8)Å   C12 C13 1.546(9)Å  
C12 N9 1.477(10)Å   C13 C14 1.512(10)Å  
C14 N10 1.468(8)Å   C15 C16 1.477(9)Å  
C15 C21 1.495(9)Å   C15 N10 1.305(8)Å  
C16 C17 1.446(10)Å   C16 N7 1.315(8)Å  
C17 C18 1.348(10)Å   C22 C23 1.454(11)Å  
C18 C19 1.430(11)Å   C22 N11 1.380(9)Å  
C22 C34 1.397(12)Å   C23 N12 1.255(10)Å  
C23 C35 1.510(10)Å  C24 N12 1.499(11)Å  
C24 C25 1.489(14)Å  C26 N13 1.454(10)Å  
C25 C26 1.522(14)Å  C27 N13 1.494(10)Å  
C27 C28 1.526(13)Å  C29 N14 1.453(10)Å  
C28 C29 1.469(13)Å  C30 C36 1.518(10)Å  
C30 C31 1.454(12)Å  C31 C32 1.403(12)Å  
C30 N14 1.279(10)Å  C32 C33 1.364(15)Å  
C31 N11 1.329(9)Å  C33 C34 1.375(14)Å  
N1 Mo1 2.114(5)Å  N2 Mo1 2.082(4)Å  
N3 Mo1 2.082(6)Å  N4 Mo1 2.103(5)Å  
N5 Mo1 2.103(5)Å  N6 Mo1 2.091(5)Å  
N7 Ni1 1.890(6)Å  N8 Ni1 2.037(6)Å  
N9 Ni1 1.986(6)Å  N11 Co1 1.844(6)Å  
N10 Ni1 1.980(5)Å  N13 Co1 1.984(6)Å  
N12 Co1 1.923(6)Å  N14 Co1 1.993(6)Å  
S1 Ni1 2.6454(17)Å  S2 Ni1 1_554 2.5607(16)Å  
Co1 Br2 2.3815(10)Å  Co1 Br1 2.4119(10)Å  
 
N1 C1 S1 178.9(5)°  N2 C2 S2 177.6(6)°  
N3 C3 S3 177.2(7)°  N4 C4 S4 178.1(6)°  
N5 C5 S5 179.5(6)°  N6 C6 S6 178.3(6)°  
C8 C7 C19 126.8(6)°  C8 C7 N7 109.8(6)°  
C19 C7 N7 123.4(7)°  C7 C8 C20 118.3(7)°  
C7 C8 N8 114.3(6)°  C20 C8 N8 127.4(7)°  
C10 C9 N8 114.1(6)°  C16 C15 N10 112.9(5)°  
C9 C10 C11 117.3(6)°  C15 C16 C17 127.1(5)°  
C10 C11 N9 112.5(6)°  C17 C16 N7 119.2(6)°  
C13 C12 N9 111.0(6)°  C17 C18 C19 122.8(7)°  
C12 C13 C14 115.2(6)°  C23 C22 C34 133.1(8)°  
C13 C14 N10 113.1(6)°  C34 C22 N11 116.6(8)°  
C16 C15 C21 123.3(5)°  C22 C23 N12 115.9(6)°  
C21 C15 N10 123.6(6)°   C25 C24 N12 111.3(7)°  
C15 C16 N7 113.7(6)°   C24 C25 C26 118.5(7)°  
C16 C17 C18 116.9(6)°   C25 C26 N13 111.2(7)°  
C7 C19 C18 115.1(7)°   C28 C27 N13 110.0(6)°  
C23 C22 N11 110.3(6)°   C27 C28 C29 115.7(7)°  
C22 C23 C35 117.4(8)°   C28 C29 N14 113.1(6)°  
C35 C23 N12 126.7(8)°   C31 C30 C36 118.5(8)°  
C31 C30 N14 117.3(6)°   C36 C30 N14 124.2(8)°  
C30 C31 C32 130.4(8)°   C30 C31 N11 109.6(7)°  
C32 C31 N11 120.0(8)°   C31 C32 C33 116.9(9)°  
C32 C33 C34 123.3(9)°   C22 C34 C33 119.0(9)°  
C1 N1 Mo1 167.9(5)°   C2 N2 Mo1 176.4(5)°  
C3 N3 Mo1 176.4(5)°   C4 N4 Mo1 176.1(5)°  
119 
 
C5 N5 Mo1 171.2(5)°  C6 N6 Mo1 171.2(5)°  
C7 N7 C16 122.6(6)°  C7 N7 Ni1 120.2(5)°  
C16 N7 Ni1 117.1(5)°  C8 N8 C9 120.9(6)°  
C8 N8 Ni1 115.3(5)°  C9 N8 Ni1 123.7(5)°  
C11 N9 C12 112.5(5)°  C11 N9 Ni1 115.2(4)°  
C12 N9 Ni1 113.5(4)°  C14 N10 Ni1 124.1(4)°  
C14 N10 C15 120.7(6)°  C22 N11 C31 124.1(7)°  
C15 N10 Ni1 114.9(4)°  C31 N11 Co1 120.0(6)°  
C22 N11 Co1 115.9(5)°  C23 N12 Co1 115.2(5)°  
C23 N12 C24 119.6(6)°  C26 N13 C27 111.1(7)°  
C24 N12 Co1 124.9(6)°  C27 N13 Co1 116.1(5)°  
C26 N13 Co1 115.4(6)°  C29 N14 C30 122.2(7)°  
C29 N14 Co1 125.3(5)°  C30 N14 Co1 112.4(5)°  
C1 S1 Ni1 103.27(19)° C2 S2 Ni1 1_554 108.61(19)°  
N1 Mo1 N2 177.1(2)°  N1 Mo1 N3 89.46(19)°  
N2 Mo1 N3 91.18(19)°  N1 Mo1 N4 89.0(2)°  
N2 Mo1 N4 88.15(19)°  N3 Mo1 N4 90.3(2)°  
N1 Mo1 N5 90.2(2)°  N2 Mo1 N5 89.2(2)°  
N3 Mo1 N5 178.3(2)°  N4 Mo1 N5 91.4(2)°  
N1 Mo1 N6 91.6(2)°   N2 Mo1 N6 91.22(19)°  
N3 Mo1 N6 92.64(19)°  N4 Mo1 N6 177.0(2)°  
N5 Mo1 N6 85.68(19)°  N7 Ni1 N8 80.3(2)°  
N7 Ni1 N9 176.2(2)°   N8 Ni1 N9 98.8(2)°  
N7 Ni1 N10 81.1(2)°   N8 Ni1 N10 161.2(2)°  
N9 Ni1 N10 99.9(2)°   N7 Ni1 S1 88.19(16)°  
N8 Ni1 S1 89.48(15)°  N9 Ni1 S1 88.05(16)°  
N10 Ni1 S1 92.23(15)°  N7 Ni1 S2 1_556 87.85(16)°  
N8 Ni1 S2 1_556 93.72(15)°  N9 Ni1 
S2 
1_556 95.95(17)°  
N10 Ni1 S2 1_556 83.28(15)°  S1 Ni1 
S2 
1_556 174.43(5)°  
N11 Co1 N12 82.6(3)°   N11 Co1 N13 175.1(2)°  
N12 Co1 N13 99.4(3)°   N11 Co1 N14 80.8(3)°  
N12 Co1 N14 163.4(3)°   N13 Co1 N14 97.3(3)°  
N11 Co1 Br2 91.90(15)°  N12 Co1 Br2 90.67(17)°  
N13 Co1 Br2 92.52(16)°  N14 Co1 Br2 89.07(15)°  
N11 Co1 Br1 87.88(15)°  N12 Co1 Br1 89.12(17)°  
N13 Co1 Br1 87.70(16)°  N14 Co1 Br1 91.08(15)°  
Br2 Co1 Br1 179.72(5)°      
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Table B.2.3. Selected bond lengths and bond angles for 
[{Mo(NCS)6}CoLN4]·{CoIIILN4Br2}·MeCN, 4. 
C1 N1 1.164(9)Å  C1 S1 1.614(7)Å  
C2 N2 1.159(9)Å  C2 S2 1.627(7)Å  
C3 N3 1.151(12)Å  C3 S3 1.627(11)Å  
C4 N4 1.163(10)Å  C4 S4 1.613(8)Å  
C5 N5 1.156(11)Å  C5 S5 1.615(10)Å  
C6 N6 1.172(10)Å  C6 S6 1.624(8)Å  
C7 C8 1.554(13)Å  C7 C19 1.361(12)Å  
C7 N7 1.333(11)Å  C8 C20 1.464(12)Å  
C8 N8 1.262(12)Å  C9 C10 1.510(15)Å  
C9 N8 1.410(12)Å  C10 C11 1.474(15)Å  
C11 N9 1.461(11)Å  C12 C13 1.525(13)Å  
C12 N9 1.485(13)Å  C13 C14 1.506(13)Å  
C14 N10 1.475(11)Å  C15 C16 1.491(13)Å  
C15 C21 1.451(12)Å  C15 N10 1.335(11)Å  
C16 C17 1.442(13)Å  C16 N7 1.310(11)Å  
C17 C18 1.376(15)Å  C22 C23 1.472(15)Å  
C18 C19 1.409(15)Å  C22 N11 1.364(12)Å  
C22 C34 1.390(15)Å  C23 N12 1.244(13)Å  
C23 C35 1.500(13)Å   C24 N12 1.478(14)Å  
C24 C25 1.493(17)Å   C26 N13 1.463(13)Å  
C25 C26 1.508(18)Å   C27 N13 1.502(13)Å  
C27 C28 1.492(16)Å   C29 N14 1.452(12)Å  
C28 C29 1.506(15)Å   C30 C36 1.487(13)Å  
C30 C31 1.452(14)Å   C31 C32 1.408(14)Å  
C30 N14 1.293(12)Å   C32 C33 1.374(17)Å  
C31 N11 1.316(11)Å   C33 C34 1.382(17)Å  
N1 Mo1 2.114(6)Å   N2 Mo1 2.083(6)Å  
N3 Mo1 2.074(7)Å   N4 Mo1 2.108(7)Å  
N5 Mo1 2.107(7)Å   N6 Mo1 2.090(7)Å  
N7 Co1 1.827(7)Å   N8 Co1 1.984(8)Å  
N9 Co1 1.983(8)Å   N11 Co2 1.840(7)Å  
N10 Co1 1.933(7)Å   N13 Co2 1.974(8)Å  
N12 Co2 1.942(7)Å   N14 Co2 1.989(7)Å  
S1 Co1 2.690(2)Å   S2 Co1 1_554 2.577(2)Å  
Co2 Br1 2.3620(15)Å   Co2 Br2 2.3960(15)Å  
 
N1 C1 S1 177.3(7)°   N2 C2 S2 178.5(8)°  
N3 C3 S3 177.5(9)°   N4 C4 S4 178.5(8)°  
N5 C5 S5 179.4(10)°  N6 C6 S6 178.0(8)°  
C8 C7 C19 127.3(8)°   C8 C7 N7 108.6(7)°  
C19 C7 N7 124.1(9)°   C7 C8 C20 118.6(9)°  
C7 C8 N8 114.0(7)°   C20 C8 N8 127.4(9)°  
C10 C9 N8 115.6(8)°   C16 C15 N10 109.8(7)°  
C9 C10 C11 115.7(8)°   C15 C16 C17 125.9(8)°  
C10 C11 N9 112.8(8)°   C17 C16 N7 120.1(9)°  
C13 C12 N9 111.0(8)°   C17 C18 C19 122.6(9)°  
C12 C13 C14 115.7(8)°   C23 C22 C34 131.3(10)°  
C13 C14 N10 112.2(7)°   C34 C22 N11 118.8(10)°  
C16 C15 C21 124.6(8)° C22 C23 N12 116.2(8)°  
C21 C15 N10 125.3(8)° C25 C24 N12 114.2(9)°  
C15 C16 N7 114.0(9)° C24 C25 C26 116.9(10)°  
C16 C17 C18 116.5(9)° C25 C26 N13 111.0(9)°  
C7 C19 C18 115.3(9)° C28 C27 N13 111.1(8)°  
C23 C22 N11 109.9(8)° C27 C28 C29 114.2(9)°  
C22 C23 C35 118.6(10)° C28 C29 N14 112.7(8)°  
C35 C23 N12 125.2(11)° C31 C30 C36 120.9(10)°  
C31 C30 N14 115.8(8)° C36 C30 N14 123.3(10)°  
C30 C31 C32 128.8(10)° C30 C31 N11 110.6(8)°  
C32 C31 N11 120.6(10)° C31 C32 C33 116.9(11)°  
C32 C33 C34 122.4(11)° C22 C34 C33 118.3(11)°  
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C1 N1 Mo1 167.9(6)°   C2 N2 Mo1 176.4(6)°  
C3 N3 Mo1 176.3(7)°   C4 N4 Mo1 175.1(6)°  
C5 N5 Mo1 170.9(7)°   C6 N6 Mo1 170.8(7)°  
C7 N7 C16 121.5(8)°   C7 N7 Co1 120.6(6)°  
C16 N7 Co1 117.9(7)°   C8 N8 C9 120.3(8)°  
C8 N8 Co1 114.9(6)°   C9 N8 Co1 124.7(7)°  
C11 N9 C12 112.8(7)°   C11 N9 Co1 116.8(6)°  
C12 N9 Co1 114.8(6)°   C14 N10 Co1 126.6(6)°  
C14 N10 C15 117.6(7)°   C22 N11 C31 123.0(8)°  
C15 N10 Co1 115.7(6)°   C31 N11 Co2 120.1(6)°  
C22 N11 Co2 116.8(6)°   C23 N12 Co2 114.7(7)°  
C23 N12 C24 122.1(8)°   C26 N13 C27 112.0(8)°  
C24 N12 Co2 123.2(7)°   C27 N13 Co2 115.6(6)°  
C26 N13 Co2 116.1(7)°   C29 N14 C30 122.1(8)°  
C29 N14 Co2 125.0(7)°   C30 N14 Co2 112.8(6)°  
C1 S1 Co1 102.6(3)°   C2 S2 
Co1 
1_554 
108.4(2)°  
N1 Mo1 N2 177.5(3)°   N1 Mo1 N3 89.2(3)°  
N2 Mo1 N3 91.1(3)°   N1 Mo1 N4 88.9(2)°  
N2 Mo1 N4 88.7(2)°   N3 Mo1 N4 90.1(3)°  
N1 Mo1 N5 90.5(3)°   N2 Mo1 N5 89.3(3)°  
N3 Mo1 N5 178.4(3)° N4 Mo1 N5 91.4(3)°  
N1 Mo1 N6 91.4(3)°  N2 Mo1 N6 91.0(3)°  
N3 Mo1 N6 92.1(3)°  N4 Mo1 N6 177.7(3)°  
N5 Mo1 N6 86.3(3)°  N7 Co1 N8 81.8(3)°  
N7 Co1 N9 175.9(3)° N8 Co1 N9 97.2(3)°  
N7 Co1 N10 82.4(3)°  N8 Co1 N10 164.0(3)°  
N9 Co1 N10 98.8(3)°  N7 Co1 S1 88.4(2)°  
N8 Co1 S1 89.8(2)°  N9 Co1 S1 87.6(2)°  
N10 Co1 S1 91.8(2)°  N7 Co1 S2 1_556 89.1(2)°  
N8 Co1 S2 1_556 94.2(2)°  N9 Co1 
S2 
1_556 95.0(2)°  
N10 Co1 S2 1_556 83.5(2)°  S1 Co1 
S2 
1_556 174.95(7)°  
N11 Co2 N12 82.3(3)°  N11 Co2 N13 174.9(3)°  
N12 Co2 N13 99.3(4)°  N11 Co2 N14 80.6(3)°  
N12 Co2 N14 162.9(4)° N13 Co2 N14 97.9(3)°  
N11 Co2 Br1 92.5(2)°  N12 Co2 Br1 90.2(2)°  
N13 Co2 Br1 92.3(2)°  N14 Co2 Br1 89.28(19)°  
N11 Co2 Br2 87.4(2)°  N12 Co2 Br2 89.5(2)°  
N13 Co2 Br2 87.8(2)°  N14 Co2 Br2 91.02(19)°  
Br1 Co2 Br2 179.66(7)°     
 
 
 
  
 
CHAPTER 3 
 
[{Mo(NCS)6}2{MLN4}3] (M = CoII, NiII): 
First Two-Dimensional Ferrimagnet 
Based on Thiocyanato-Bridge 
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3.1. INTRODUCTION  
The first molecule based-magnet was discovered in 1985 by Miller and Epstein 1 and after this 
important discovery this domain grew rapidly. For two decades the efforts were directed to the 
synthesis of molecules based-magnet with desired magnetic properties. Compounds involving 
second and third row transition metal ions have been shown to led to stronger exchange 
interaction 2-8. For 4d or 5d metal ions the spatially more extended valence orbitals allow 
more spin density to be transferred from metal center to ligands thus  leading to a stronger 
exchange coupling between two paramagnetic centers bridged by the ligand. As a result 
several 3D compounds involving a 4d or a 5d spin carrier have been found to behave as 
magnets with ordering temperatures above 100 K 9-12. A few bidimensional networks 
involving these paramagnetic metal ions with oxalate-ligand or cyanato ligand were also 
found to undergo magnetic ordering 13-24.  
In the preceding chapters we have shown that 1-D compounds can be efficiently constructed 
with [Mo(NCS)6]3-. Here we report on 2-D networks constructed with this building block. A 
NCS-bridged [Mo2Co3] network was found to behave as a magnet with Tc = 40 K. 
 
3.2. EXPERIMENTAL SECTION  
All the reagents and solvents were purchased from commercial source. Prior to their use, 
solvents were refluxed and conditioned under an N2 atmosphere. The starting materials 
{(NEt4)3Mo(NCS)6}25 , {CoLN4(ClO4)2}26 , {NiLN4(ClO4)2}27  were prepared as described in 
the literature. The procedures involving [Mo(NCS)6]3- were conducted under an inert 
atmosphere of nitrogen. Elemental C, H and N analyses were performed on a Perkin-Elmer 
2400 II analyzer on freshly prepared and isolated samples. IR spectra were recorded in the 
4000-600 cm-1 region with a Perkin-Elmer Spectrum 100 FTIR using the ATR mode.  
 
3.2.1. Synthesis of 2D- [{NiLN4}3{Mo(NCS)6}2],1. A solution of (NEt4)3Mo(NCS)6 (50 mg; 
0.059 mmol) in 10 mL CH3CN was carefully layered on the top of a solution of 
[NiLN4(H2O)2](ClO4)2 (31 mg; 0.059 mmol) in 5 mL CH3CN  and 5 mL H2O . Black needles 
of 1 were collected after one day.  
Yield: 16 mg (0.018 mmol) (31 %)  
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IR (ν, cm-1): 3179 (w), 3030 (w), 2914 (w), 2106 (w), 2042 (s), 1574 (m), 1419 (m), 1359 
(m), 1312 (w), 1274 (m), 1263 (m), 1210 (m), 1149 (w), 1095 (w), 1056 (m), 1044 (m), 945 
(m), 908 (m), 823 (m), 804 (m), 749 (w), 739 (m), 641 (w). 
3.2.2. Synthesis of 2D- [{CoLN4}3{Mo(NCS)6}2 ]. 3H2O, 2.  
Preparation of compound 2 was similar to that of compound 1 with the exception that 
[CoLN4(H2O)2](ClO4)2 (30 mg; 0.059 mmol) was used instead of [NiLN4(H2O)2](ClO4)2.   
Yield: 20 mg (0.021 mmol) (35 %)  
IR (ν, cm-1): 3148 (w), 3054 (w), 2870 (w), 2103 (w), 2044 (s), 1566 (w), 1420 (m), 1359 
(m), 1322 (w), 1277 (m), 1251 (w), 1209 (m), 1148 (m), 1075 (m), 1058 (m), 1024 (m), 932 
(m), 889 (m), 816 (m), 801 (m), 752 (w), 742 (m). 
Elemental Analysis  
Calculated (found) for C28.5H33N12S6Co1.5Mo. 3H2O : C, 35.12 (34.74) %; H, 4.03 (3.45) %; 
N, 17.24 (17.03) %· 
 
3.3. Crystal structures determination 
X-ray diffraction data for the crystals were collected at 180 K on a Apex2 Bruker 
diffractometer  using graphite-monochromated Mo Kα radiation source (λ = 0.71073Ǻ) and 
equipped with Oxford Cryosystems Cryostream Cooler Devices. Multiscan absorption 
corrections were applied. The structures were solved by direct methods using SIR92 or 
SUPERFLIP and refined by means of least-squares procedures on F using the programs of the 
PC version of CRYSTALS. Atomic scattering factors were taken from the International tables 
for X-ray crystallography. Due to the bad quality of the crystal, the cell indexation was only 
about 71%. The collected data were very poor and the final refinement was not possible. 
Crystallographic and refinement data are given in Table 3.1.  
Magnetic measurements down to 2 K were carried out with a Quantum design MPMS-5S 
SQUID susceptometer. The samples consisted of crushed crystals mixed to grease hold in 
gelatin capsules. The contribution of the diamagnetic was estimated from the atomic constants 
of Pascal. 
 
 
 
 
 
125 
 
 1 
Formula C28.5H41N12S6Ni1.5MoO4 
FW 1840.12 
Crystal system Triclinic 
Crystal color Brown 
Space group P -1 
a /Å 12.5381(5) 
b /Å 16.4560(5) 
c /Å 19.1794(8) 
 /° 90.528(3) 
 /° 94.481(3) 
/° 108.707(3) 
V /Å3 3734.2(3) 
Z 2 
T /K 180 
calcd /gcm-1 1.64 
 (Mo-K) /mm-1 
F(000) 
Absorption correction 
Tmin 
Tmax 
7.093 
1740 
Multi-scan 
0.28 
0.49 
Index ranges 
 
-13 ≤ h ≤14 
-18 ≤ k ≤ 16 
-21 ≤ l ≤ 21 
Reflections collected 44445 
Independent reflections (Rint) 10990 (0.058) 
R1/wR2 0.1978/0.2037 (I >3(I)) 
R1/wR2 (all data) 0.2340/0.2286 
Table 3.1 Crystallographic and refinement data for 1 (Preliminary data) 
 
3.4. RESULTS AND DISCUSSION  
Compounds 1, [NiLN4}3{Mo(NCS)6}2] has been prepared by inter-diffusion of solutions of 
[NiLN4(ClO4)2] and (NEt4)3Mo(SCN)6. After one day needle shaped crystals were obtained. 
Similarly, the reaction of [CoLN4(ClO4)2] and (NEt4)3Mo(SCN)6 yielded black needle crystals 
of [CoLN4}3{Mo(NCS)6}2], 2. 
 X-ray structure determination was performed on one of these crystals revealing the formation 
of [NiLN4}3{Mo(NCS)6}2].4H2O, 1. This compound consists in an 2-D coordination network 
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with 2:3 stoichiometry of {Mo(NCS)6}3-/ {NiLN4}2+. Crystal data of this compound are given 
in table 3.1. 
In preceding the chapter we have described several1-D hetero-metallic compounds made with 
{Mo(NCS)6}3- and {MLN4}2+ (M = Ni, Co) complexes. For all a non-coordinated complex 
[MLN4]2+ played the role of counter-ion for charge neutrality. Using the same regents and 
solvents but adding H2O to the mixture appeared sufficient to totally direct the assembling 
process to a 2-D architecture. 
In compound 1 Mo is in octahedral coordination environment due to six N atoms of six 
thiocyanate ligand. Four different Mo-N distances are observed in this compound. Two 
different [Mo(NCS)6]3- units exist in the structure. The Mo1 unit is connected to four 
[NiLN4]2+ (Ni1, Ni2, Ni3) and whereas Mo2 is linked to two Ni complexes. Each [NiLN4]2+ is 
linked to two Mo by thiocyanate ligands which play role of bridges in this system (Figure 
3.1). There are four H2O molecules in the crystal lattice of compound 1 (Figure 3.2 right). 
 
Figure 3.1. Perspective view of the asymmetric unit for [{NiLN4}3{Mo(NCS)6}2].4H2O, 1. Showing the 
coordination environments around the metal ions. H atoms and solvents molecules have been omitted. Selected 
bond distances (Å): Ni1-S12, 3.11(1); Ni1-S5, 2.84(1);  Ni2-S6, 2.69(1); Ni2-S1, 2.64(1); Ni3-S11, 2.50(1); Ni3-
S2, 2.55(1); Mo1-N2, 2.10(2); Mo1-N11, 2.14(2); Mo1-N4, 2.11(3); Mo1-N8, 2.05(3); Mo2-N7, 2.16(3); Mo2-
N19, 2.05(3). Selected bond angles (°): Ni1-S12-C31, 102.3(1); Ni2-S6-C19, 106.0(1); Ni3-S2-C4, 105.9(1); 
Ni1-S5-C48, 104.5(1); Ni3-S11-C15, 106.7(1); Mo1-N4-C15, 173.4(3); Mo1-N11-C19, 170.7(2); Mo1-N2-C4, 
178.7(3); Mo1-N8-C31, 178.3(3); Mo2-N7-C48, 171.4(2); Mo2-N19-C1, 169.7(3). 
 
Six Mo units and six Ni units form a flattened ring (Figure 3.2 left) that is connected to six 
other rings to yield the 2-D network (Figure 3.2 right). Consecutive layers almost superpose, 
π-π stacking to the place between some pyridine moieties of LN4 ligands (See supporting 
Information).  
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Figure 3.2. Structural diagram of compound 1: (right), view of the 2-D network. (left), detail of the Mo6Ni6 ring 
found in the network. 
 
 X-ray diffraction study on the single crystals of 2 was not successfully. So these crystals were 
characterized by X-ray powder diffraction The comparison of the X-ray powder pattern 
calculated from the structure data of 1 and X-ray powder diffraction of compound 2 (Figure 
5.3) indicates that 1 and 2 are isomorphous. 
 
 
Figure 3.3. Comparison of x-ray powder diffractogram of 2 (blue) with x-ray powder diffraction of compound 1 
(red) and simulated powder pattern from structure data of 1 (black) 
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3.5. Magnetic properties  
The temperature dependence of the molar magnetic susceptibility, MT for 1 is shown in 
Figure 3.4. 
The performed magnetic properties in the temperature domain 2-300 K for 1 on a 
polycrystalline sample, demonstrate that an antiferromagnetic interaction occur by overlap 
scheme of the magnetic orbitals through the NCS ligand. Because of strong interaction 
between MoIII and NiII, the value of χMT in 300 K is below the value anticipated for 3 Ni(II) 
and 2 MoIII. The temperature dependence of χMT decreases when temperature decreases and 
tends to zero at low T. Such a behavior is in agreement with two S = 3/2 centers in 
antiferromagnetic interactions with three S = 1 units. 
 
Figure 3.4. (left)Temperature dependence of χMT (with H = 1000 Oe) for compound 1, (right) The 
corresponding field dependence of the magnetization (with T = 2K). 
 
The magnetic behavior of 2 was investigated in the temperature domain 2-300 K on a 
polycrystalline sample. The temperature dependence of χMT, when χM is molar magnetic 
susceptibility, is equal to 10.7 cm3 K mol-1 at 300 K (Figure 3.4). This value is below the 
value anticipated for 3 CoII (S = 3/2) and 2 MoIII (S = 3/2) ions in the asymmetric unit of this 
2D-system. (Note: In chapter 1 we have shown that whereas the  starting material, 
[CoLN4(H2O)2]2+ has S = ½ 26, when linked with the sulfur of the thiocyanate ligands CoII 
change his configuration to high-spin) 
When T decreases, χMT also decreases and reaches a minimum value around 107 K before 
increasing on further cooling. A rapid increase was observed below T = 40 K to a maximum 
of 147 cm3mol-1K at 25 K; then χMT decreases. The slow decrease observed between 300 and 
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107 K is in agreement with the anticipated antiferromagnetic Mo-Co interactions. The sharp 
increase to large values for χMT below 50 K confirms long rage interactions. 
 
Figure 3.5. Temperature dependence of χMT (with H = 1000 Oe) for compound 2. 
 
The plots of χM versus temperature and remnant magnetization versus temperature revealed 
that the compound exhibits magnetic ordering (Figure 3.6). Below TC = 40 K this compound 
behaves as a magnet. The field cooled magnetization (FCM) curve was measured while 
cooling the sample under a static field of 50 Oe. A break and then a sharp increase is observed 
below T = 40 K. Zero field cooled magnetization (ZFC) was also recorded Fc and ZFC curves 
merge at 27 K. Remnant magnetization was followed by warming the sample in zero field in 
temperature domain 2-60 K; the REM wanishes at 40 K..  
The field dependence of the magnetization show a steep increase of the magnetization to 
1.6 µB for low fields (< 1 kOe) followed by a more gentle but steady increase. At 50 kOe, the 
magnetization is M = 2.7 µB but saturation is not reached. It can be noticed that this value of 
the magnetization is in agreement with antiferromagnetic interactions between two Mo (S = 
3/2) and three Co (S = 3/2). Moreover, the steady increase of M suggests substantial magnetic 
anisotropy. This is confirmed by the hysteresis loop with a coercivity of HC = 200 Oe at T = 2 
K (figure 3.7). These behaviors show that compound 2 is a ferrimagnet. 
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Figure 3.6. Field Cooled, Zero Field Cooled and Remanent magnetization for compound 2 which shows TC = 40 
K (H = 50 Oe). 
 
 
 
Figure 3.7. M versus H and hysteresis loop of compound 2 recorded with T = 2K.   
  
The measurement of the AC magnetic susceptibility versus temperature was accomplished in 
the zero applied static field and with an oscillating field of 3 Oe. The in-phase χ’M and out-
phase χ”M , responses obtained for 10, 99.9 and 997 Hz are plotted in Figure 5.8. The χ’M 
curves show all other sharp maximum for T = 34 K while χ”M becomes different to zero for T 
 40 K . This confirms the occurrence of a magnetic ordering below TC = 40 K. 
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Figure 3.8. The AC susceptibility data for compound 2 in oscillating field of 3 Oe at 3 different frequencies (10, 
99.9, 997 Hz). 
 
3.6. CONCLUDING REMARKS 
The 2-D coordination polymers described in this chapter not only confirm that [Mo(NCS)6]3- 
is a valuable building unit to form compounds with interesting magnetic properties, they also 
illustrate the essential role of the solvent in self-assembling procedures. The presence of some 
H2O in the reaction mixture allowed to direct the assembling scheme from 1-D to 2-D.  
The ferrimagnet 2 is remarkable. It is the first magnet with only NCS as bridging ligands. 
Moreover, its  TC is among the highest reported for 2-D molecule-based magnets17.  
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3.8. SUPORTING INFORMATIONS  
Figure A.3.1. [NiLN4}3{Mo(NCS)6}2]. Two 2D parallel layers of 1. The layers are showed 
by different colours (red and blue). 
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Figure A.3.2. Molecular structures for [NiLN4}3{Mo(NCS)6}2]. S…S Distances (Å): 
S4...S11, 3.95; S1...S5, 3.42; S6...S7, 3.93; S6...S10, 3.98; S7...S2, 3.99; S5...S13, 3.83. 
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Figure A.3.3. Infra-red spectrum of 1. The strongest band (υ = 2044 cm-1) and the 
medium bands at υ = 955 cm-1 and 823 cm-1 are attributed to the thiocyanate ligand. The 
bands below 1600 cm-1 are from the macrocyclic-ligand of the Ni complex.  
 
Figure A.3.4. Infra-red spectrum of 2. The strongest band (υ = 2042 cm-1) and the 
medium bands at υ = 932 cm-1 and 816 cm-1 are attributed to the thiocyanate ligand. The 
bands below 1600 cm-1 are from the macrocyclic-ligand of the Co complex. 
 
 
 
 
 
 
 
  
 
CHAPTER 4 
 
Salts and Discrete Systems of 
[Mo(NCS)6]3- and 3d Building Units. 
 
 
 
 
 
 
137 
 
4.1. INTRODUCTION 
To follow up on the previous chapters, this one gathers several association compounds, 
formed between the building unit [MoIII(NCS)6]3- and various 3d building bricks, which have 
been isolated along this PhD work. The ligands of the 3d metal ions are polyamines 
derivatives and display a planar coordination through several N atoms, allowing one or two 
coordination sites to be eventually completed by the bridging ligand NCS. The obtained 
compounds described here are either salts between the two building units in various 
proportions or discrete compounds. The common feature is that they exhibit at most only 
weak antiferromagnetic interactions between the two metal centers MoIII and MII (with M = 
Cu for 1 and 2) or no interaction at all (with M = Mn in 3, Ni in 4 and 5, and Co in 6). This 
chapter mainly describes their synthesis and their structural characterization. 
 
4.2. EXPERIMENTAL SECTION 
All the syntheses were accomplished under a Nitrogen atmosphere. The chemicals were 
bought from commercial sources and used as received. The deoxygenated solvents were 
prepared by reflux under a Nitrogen atmosphere. The starting materials (NEt4)3[Mo(NCS)6],1 
Cu(3,3,3-tet)(ClO4)2,2 Ni(3,2,3-tet)Cl2,2 and Mn(2,2’-bpy)2Cl2 3 were prepared as described in 
the literature. The synthesis of Ni(2,2’-bpy)2(NO3)2 and CoLN5Cl2 were adapted from the 
litterature procedure established for the Mn analogues.3, 4 (PPh4)3[Mo(NCS)6] was synthesized 
as explained in Chapter 1. 
Elemental C, H and N analyses were performed on a Perkin-Elmer 2400 II analyser on freshly 
prepared and isolated samples. IR spectra were recorded in the 4000-600 cm-1 region with a 
Perkin-Elmer Spectrum 100 FTIR using the ATR mode. Magnetic measurements were carried 
out with a Quantum design MPMS 5S SQUID susceptometer in the temperature domain 2-
300 K in an applied field of 1000 Oe. The molar susceptibility was corrected for sample 
holder and for the diamagnetic contribution of all the atoms by using Pascal’s tables. The 
measurements were performed on crushed crystals from freshly isolated samples to avoid 
solvent loss. The powders were mixed to grease and put in gelatin capsules. 
4.2.1. Synthesis of [{Cu(tet)(CH3CN)2Mo(SCN)6][Mo(NCS)6][PPh4]2·6CH3CN, 1. 
[Cu(3,3,3-tet)](ClO4)2 (45 mg; 0.1 mmol) was dissolved in 10 mL CH3CN. This solution was 
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carefully added over the solution of (PPh4)3Mo(SCN)6 (73 mg; 0.1 mmol) in 10 mL CH3CN. 
Green crystals were collected after one day.  
Yield : 95 mg (80 %) 
IR (ν, cm-1): 3297 (w), 3234 (w) 2931 (w), 2888 (w), 2250 (w), 2052 (s), 1586 (m), 1483 (m), 
1435 (s), 1369 (w), 1315 (w), 1287 (w), 1185 (w), 1155 (w), 1108 (s), 1025 (m), 995 (m),  
964 (w),  890 (w), 823 (m), 755 (m), 722 (s), 689 (s), 641 (w). 
Elemental Analysis 
Calculated (found) for C82H94N22Cu2Mo2P2S12.6CH3CN: C, 47.05 (47.50)%; H, 4.70 (4.60) 
%; N, 16.34 (16.32) %. 
4.2.2. Synthesis of 
[{Cu(tet)(CH3CN)}4Mo(NCS)6][Mo(NCS)6]3[Cu(tet)(CH3CN)]2·CH3CN, 2.  
(NEt4)3Mo(SCN)6 (200 mg; 0.24 mmol) was dissolved in 10 mL CH3CN and this solution was 
carefully layered over a solution of [Cu(3,3,3-tet)](ClO4)2 (108 mg; 0.24 mmol) in 10 mL 
H2O. After 2-3 days the blue crystals were collected, washed with CH3CN and Et2O.  
Yield : 38 mg (18%) 
IR (ν, cm-1): 3192 (m), 2929 (m), 2876 (m), 2993 (w), 2042 (s), 1578 (m), 1467 (m), 1418 
(m), 1365 (w), 1314 (w), 1286 (w), 1052 (m), 1083 (m), 1022 (s), 988 (w), 887 (m), 821 (m). 
Elemental Analysis 
Calculated (found) for C78H144N48Cu6Mo4S24.CH3CN: C, 28.85 (29.05) %; H, 4.44 (4.12) %; 
N, 20.61 (20.74) %. 
4.2.3. Synthesis of [Mn(2,2’-bpy)
3
][Mo(SCN)6][NEt4]·CH3CN, 3.  
(NEt4)3Mo(SCN)6 (50 mg; 0.059 mmol) was dissolved in 10 mL CH3CN. This solution was 
carefully added above a solution of Mn(2,2’-bpy)2Cl2 (26.5 mg; 0.059 mmol) in 10 mL H2O. 
After ten days at room temperature, yellow crystals were collected.  
IR (ν, cm-1): 3524 (w), 3071 (w), 2252 (w), 2047 (s), 1595 (s), 1574 (m), 1491 (m), 1438 (s), 
1315 (m), 1283 (w), 1247 (m), 1177 (w), 1158 (m), 1099 (m), 1064 (m), 1016 (s), 967 (w),  
814 (m), 762 (s), 734 (s). 
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4.2.4. Synthesis of [Ni(bpy)2(CH3CN)2][PPh4]2[Mo(NCS)6]2·2CH3CN·0.5H2O, 4.  
A solution of Ni(2,2’-bpy)2(NO3)2 (33 mg; 0.059 mmol) in 7 mL of CH3CN was carefully 
layered on the top of a solution of (PPh4)3Mo(NCS)6 (97 mg; 0.059 mmol) in 7 mL CH3CN. 
Tiny yellow needles were collected after a few days.  
IR (ν, cm-1): 3057 (w), 2282 (w), 2096 (w), 2044 (s), 1650 (w), 1599 (m), 1492 (m), 1472 
(m), 1439 (s), 1313 (m), 1154 (m), 1108 (s), 1024 (m), 996 (w), 960 (w), 828 (w), 756 (s), 
766 (s), 721 (s), 688 (s), 653 (m). 
4.2.5. Synthesis of [Ni(3,2,3-tet)(CH3CN)2]3[Mo(NCS)6]2·H2O, 5.  
Three solutions were successively layered on the top of each order: first, a solution of 
Ni(3,2,3-tet)Cl2 (30.4 mg ; 0.118 mmol) in 10 mL of H2O, then a mixture of 5 mL of H2O and 
5mL CH3CN and finally a solution of (NEt4)3Mo(NCS)6 (100 mg; 0.118 mmol) in 10 mL of 
CH3CN. Yellow crystals were collected after the complete diffusion of the three layers.  
IR (ν, cm-1): 3213 (m), 2928 (w), 2872 (w), 2301 (w), 2278 (w), 2100 (w), 2044 (s), 1582 
(m), 1459 (m), 1427 (m), 1359 (w), 1322 (m), 1282 (w), 1243 (w), 1168 (w), 1149 (m), 1078 
(m), 1060 (m), 1021 (m), 995 (m), 968 (w), 915 (w), 866 (w), 824 (w). 
4.2.6. Synthesis of [CoLN5(CH3CN)2][Mo(SCN)6][NEt4]·2CH3CN, 6.  
(NEt4)3Mo(SCN)6 (50 mg; 0.059 mmol) was dissolved in 10 mL CH3CN. This solution was 
carefully added above a solution of CoLN5Cl2 (30 mg; 0.059 mmol) in 10 mL H2O. After few 
days at room temperature, a mixture of a yellow powder and orange crystals were isolated.  
IR (ν, cm-1): 3218 (w), 2927 (w), 2871 (w), 2303 (w), 2277 (w), 2100 (w), 2043 (s), 1653 (m), 
1595 (w), 1462 (m), 1424 (m), 1351 (w), 1266 (m), 1199 (m), 1180 (m), 1007 (m), 1052 (w), 
1014 (m), 1032 (w), 957 (w), 936 (m), 808 (m), 800 (m), 738 (m), 653 (m). 
4.2.7. Crystal structures determination 
 X-Ray diffraction data for the crystals were collected at 180 K (1, 2, 3, 4 and 5) or at 150 K 
(6) on a Bruker Apex2, an Oxford Diffraction Gemini or an Oxford Diffraction Xcalibur 
diffractometer using a graphite-monochromated Mo K radiation source (λ=0.71073 Å). 
Multiscan absorption corrections were applied. The structures were solved by direct methods 
using SIR925 or SUPERFLIP6 and refined by means of least-square procedures on F using the 
programs of the PC version of CRYSTALS7. Atomic scattering factors were taken from the 
International tables for X-ray crystallography.8 As far as possible, non-hydrogen atoms were 
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refined anisotropically. Hydrogen atoms were refined with riding constraints. 
Crystallographic and refinement data are given in Table 4.1. 
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 1 2 3 4 5 6 
Formula C94H112Cu2Mo2N28P2S12 C90H162Cu6Mo4N54S24 C46H47Mn1Mo1N14S6 C56H46Mo2N13Ni1O0.5P1S6 C48H86Mo2N30Ni3O1S12 C46H55Co1Mo1N16S6 
FW 2399.82  3535.26  1139.24 1287.09 1852.22 1071.22 
Crystal system Triclinic Triclinic Triclinic Monoclinic Monoclinic Monoclinic 
Crystal color Green Blue Yellow Orange Yellow Orange 
Space group P -1 P -1 P -1 P 21 P 1 21/C 1 C 1 2/c 1 
a /Å 9.9701(2)  10.3887(2) 12.045(5) 12.1859(1) 22.267(1) 13.097(1) 
b /Å 16.6263(3)  18.5595(5) 12.998(5) 21.2109(1) 9.8860(6) 20.890(1) 
c /Å 18.1357(4)  21.6388(5) 19.598(5) 23.8188(2) 19.297(1) 19.034(1) 
 /°  76.966(2) 64.632(3) 104.676(5) 90 90 90 
 /°  86.023(3) 86.660(2)  96.313(5) 93.5974(5) 107.078(3) 97.650(4) 
/°  77.714(2) 78.978(2) 112.313(5) 90 90 90 
V /Å3 2861.0(1)  3699.0(2) 2672.3(2) 6144.41(8) 4060.7(4) 5161.4(7) 
Z 1 1 2 4 2 4 
T /K 180 180 180 180 180 150 
calcd /gcm-1 1.39 1.59 1.36 1.39 1.51 1.38 
 (Mo-K) /mm-1
F(000) 
Absorption correction 
Tmin 
Tmax 
0.883 
1236 
Multi-scan 
0.82 
0.88 
1.569 
1806 
Multi-scan 
0.69 
0.73 
0.750  
1074 
Multi-scan 
0.81 
0.86 
4.591 
2628 
Gaussian 
0.18 
0.50 
1.346 
1900 
Multi-scan 
0.72 
0.76 
0.851 
2216 
Multi-scan 
0.92 
0.96 
Index ranges 
 
-13 ≤ h ≤ 13 
-22 ≤ k ≤ 22 
-22 ≤ l ≤ 24 
-14 ≤ h ≤ 11 
-25 ≤ k ≤ 25 
-28 ≤ l ≤ 29 
-17 ≤ h ≤ 17 
-19 ≤ k ≤ 18 
-28 ≤ l ≤ 28 
-14 ≤ h ≤ 14 
-25 ≤ k ≤ 26 
-28 ≤ l ≤ 29 
-35 ≤ h ≤ 35 
-15 ≤ k ≤ 15 
-30 ≤ l ≤ 30 
-20 ≤ h ≤ 18 
-32 ≤ k ≤ 28 
-29 ≤ l ≤ 29 
Reflections collected 27413 35546 70069 59185 
 
61382 
 
61336 
Independent reflections 
(Rint) 
15172 (0.027) 19643 (0.024) 17680 (0.036) 22913 (0.020° 
 
15526 (0.0326) 
 
9871 (0.0308) 
R1/wR2 0.0300/0.0301                
(I >3(I)) 
0.0854/0.0878           
(I >3(I)) 
0.0318/0.0348          
(I >3(I)) 
0.0412/0.0475                  
(I >3(I)) 
0.0336/0/0332              
(I >3(I)) 
0.0317/0.0322               
(I >3(I)) 
R1/wR2 (all data) 0.0452/0.0378 0.1168/0.1085 0.0555/0.0443 0.0419/0.0478 0.0627/0.0506 0.0668/0.0704 
Table 4.1 Crystallographic and refinement data 
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4.3. RESULTS AND DISCUSSION 
I. Synthesis: Compounds 1, [{Cu(3,3,3-
tet)(CH3CN)}2Mo(SCN)6][Mo(NCS)6][PPh4]2.6CH3CN, and 2, [{Cu(3,3,3-
tet)(CH3CN)}4Mo(NCS)6][Mo(NCS)6]3[Cu(3,3,3-tet)(CH3CN)].CH3CN, were prepared by 
reacting the two mono-metallated {Mo(NCS)6}3- and {Cu(3,3,3-tet)}2+ building blocks (see 
Scheme 4.1 for the chemical structure representation of the 3,3,3-tet ligand). The 3,3,3-tet 
ligand can coordinate a metal centre, as Cu, in a planar fashion, the metal centre adopting a 
square planar environment, leaving the possibility for additional ligands in trans position to 
coordinate in an axial manner.  
 
 
 
Scheme 4.1. Chemical structure of the 3,3,3-tet ligand (standing for the tetradentate tripropylenetetramine 
ligand, a derivative of the parent tetradentate triethylenetetramine ligand named 2,2,2-tet). 
 
Compound 1, [{Cu(3,3,3-tet)(CH3CN)}2Mo(SCN)6][Mo(NCS)6][PPh4]2.6CH3CN, has been 
obtained from the slow diffusion between a solution of Cu(3,3,3-tet)(ClO4)2 in acetonitrile 
and a solution of (PPh4)3Mo(SCN)6 also in acetonitrile, in a 1:1 stoichiometry. Green crystals 
were isolated after a few days. 1 crystallizes in the P-1 space group with 6 molecules of 
acetonitrile as solvents of crystallisation. The symmetric unit consists in the half cationic unit 
defined as [{Cu(3,3,3-tet)(CH3CH)}2{Mo(NCS)6}]+ with the Mo atom lying on a specific 
position, an inversion centre. The structure is completed by one half of a {Mo(NCS)6}3- unit 
(with Mo on an inversion center) and one PPh4+ unit for the charge balance. The trinuclear 
unit [{Cu(3,3,3-tet)}
2
Mo(NCS)
6
]+ consists of one hexa thiocyanato molybdenum Mo(NCS)6 
fragment coordinated via two thiocyanato bridge to two Cu(3,3,3-tet) fragments, the four 
remaining thiocyanato ligands being terminal (Figure 4.1). The Mo atom is in a regular 
octahedral symmetry with three sets of Mo-N bond distances ranging from 2.087(2) to 
2.092(2) Å. The Cu coordination sphere can be described as a distorded square bipyramidal 
geometry with the equatorial plane occupied by the four N atoms of the 3,3,3-tet ligand with 
Cu-N bond distances being between 2.023(2) and 2.060(2) Å. One of the axial position is 
occupied by a S atom from a thiocyanato bridge with a quite long Cu-S bond distance of 
2.8014(7) Å. The remaining axial position in the Cu coordination sphere is a N atom from an 
HNNH
H2NNH2
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acetonitrile molecule (Cu1-N11 = 2.717(2) Å). It is worth to note the bended coordination of 
the Cu atom to the thiocyano ligand with an Cu1-S1-C1 bond angle of 112.79(8)°. 
 
Figure 4.1. Perspective view of the trinuclear unit [{Cu(3,3,3-tet)(CH3CN)}2Mo(NCS)6]
+ in compound 1. The 
hydrogen atoms have been omitted for clarity. Selected bond distances (Å): Cu1-S1, 2.8014(7); Cu1-N7, 
2.059(2); Cu1-N8, 2.052(2); Cu1-N9, 2.060(2); Cu1-N10, 2.023(2); Cu1-N11, 2.717(2); Mo1- N1, 2.087(2); 
Mo1-N2, 2.092(2); Mo1-N3, 2.090(2). Selected bond angles (°): N11-Cu1-S1, 172.27(5); Cu1-S1-C1, 112.79(8). 
 
Compound 2, [{Cu(3,3,3-tet)(CH3CN)}4Mo(NCS)6][Mo(NCS)6]3[Cu(3,3,3-
tet)(CH3CN)]2.CH3CN, has been obtained from the slow diffusion between an aqueous 
solution of Cu(3,3,3-tet)(ClO4)2 and an acetonitrile solution of (NEt4)3Mo(SCN)6, in a 1:1 
stoichiometry. Blue crystals were collected after a few days. Comparing with the synthesis of 
compound 1, water was added to the medium to replace part of the acetonitrile, the idea being 
to favor structures of higher nuclearity between the two building blocks for 1. The PPh4+ salt 
of the hexathiocyanato molybdenum building unit has been replaced by its 
tetraethylammonium analogue for solubility reason in the water/acetonitrile mixture. 
Compound 2 crystallizes in the P-1 space group with one molecule of acetonitrile. The 
symmetric unit of 2 consists in the half cationic unit defined as [{Cu(3,3,3-
tet)(CH3CN)}4{Mo(NCS)6}]5+ with the Mo atom lying on an inversion centre. For charge 
balance, the structure is completed with two types of ionic species: three half Mo(NCS)
6
3- 
units (with the 3 Mo atoms lying on an inversion center) and one {Cu(3,3,3-tet)(CH3CN)}2+ 
unit. High thermal parameters have been noticed for this last {Cu(3,3,3-tet)(CH3CN)}2+ 
entity. Best results in the structure resolution have been obtained by refining isotropically this 
part and by restraining the C-C and the C-N bond distances in the 3,3,3-tet ligand and the 
acetonitrile molecule in the free {Cu(3,3,3-tet)(CH3CN)}2+ unit.  
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The pentanuclear [{Cu(3,3,3-tet)(CH3CN)}4{Mo(NCS)6}]5+ unit consists in the assemby of 
one hexathiocyanato molybdenum entity Mo(NCS)6 with four Cu(3,3,3-tet) units, through 
four NCS bridges (Figure 4.2). The geometry around the Mo atom is a sligthly distorded 
octahedron with three sets of Mo-N bond distances between 2.085(5) and 2.098(6) Å. The 
four bridging ligands occupy the four equatorial positions of the octahedron whereas  the two 
axial positions are terminal NCS. As for 1, the four Cu atoms adopt a distorded square 
bipyramidal geometry: the N atoms of the 3,3,3-tet ligand are in the basal plane of the 
bipyramid whereas the two axial positions are occupied by a S atom of one NCS bridging 
ligand and by one N atom of a CH3CN molecule. And as for 1 also, we can notice the bent 
Cu-S-C linkages with angles of 113.5(2)° for Cu1 and 109.9(2)° for Cu2. 
 
Figure 4.2. Perspective view of the pentanuclear unit [{Cu(3,3,3-tet)(CH3CN)}4Mo(NCS)6]
5+ in compound 2. 
The hydrogen atoms have been omitted for clarity. Selected bond distances (Å): Cu1-S1, 2.962(2); Cu1-N4, 
2.019(8); Cu1-N5, 2.057(7); Cu1-N6, 2.051(7); Cu1-N7, 2.059(8); Cu1-N8, 2.612(8); Cu2-S2, 2.708(2); Cu2-N9 
, 2.035(6); Cu2-N10, 2.056(6); Cu2-N11, 2.054(5); Cu2-N12, 2.059(6); Cu2-N13, 2.827(8); Mo1-N1, 2.098(6); 
Mo1-N2, 2.087(5); Mo1-N3, 2.083(5). Selected bon angles (°): Cu1-S1-C1, 113.5(2); N8-Cu1-S1, 176.7(2); 
Cu2-S2-C2, 109.9(2); N13-Cu2-S2, 170.7(2). 
 
Various attempts have been run with other building blocks, with MnII, NiII, and CoII as metal 
centres: {Mn(2,2’-bpy)2}2+, {Ni(3,2,3-tet)}2+ (see Scheme 4.2 for the structure representation 
of the ligand 3,2,3-tet), {Ni(2,2’-bpy)}2+, and {CoLN5}2+ (see Scheme 4.2 for the structure 
representation of the macrocycle ligand LN5). Again, the chosen ligands allow the possibility 
for two additional ligands to coordinate the metal center. 
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Scheme 4.2. Structure representations of the macrocycle ligands LN5 (left) and the 3,2,3-tet ligand ethylene 
diprophene tetramine(right). 
 
The compounds 3, [Mn(2,2’-bpy)
3
][Mo(SCN)6][NEt4].CH3CN, 4, [Ni(2,2’-
bpy)2(CH3CN)2][PPh4]2[Mo(NCS)6]2.2CH3CN.0.5H2O, 5, [Ni(3,2,3-
tet)(CH3CN)]3[Mo(NCS)6]2.H2O, and 6, [CoLN5(CH3CN)2][Mo(SCN)6][NEt4].2CH3CN were 
obtained by slow diffusion between the solution of the MnII or NiII or CoII entity either in 
acetonitrile or water, and the solution of the {Mo(SCN)6}3- unit in acetonitrile. Stoichiometry 
between the two building bricks was 1:1. Unfortunately, the four compounds 3, 4, 5, and 6 are 
in fact different salts of the starting building blocks in various proportions for charge balance 
and without any evidence of linkage between them. Compound 3 crystallizes in the P-1 space 
group. The cationic part of the salt is represented by one NEt4+ and one {Mn(2,2’-bpy)3}2+ 
unit. This manganese unit evidences the in-situ evolution of the starting material {Mn(2,2’-
bpy)2}2+ during the crystallisation step. The charge balance is obtained by two half 
{Mo(SCN)6}3- units. One acetonitrile solvent molecule is present in the structure. The Figure 
4.3 illustrates the different components of the compound 3.  
 
Figure 4.3. Perspective view of the salt {Mn(2,2’-bpy)3}2+, 2[{Mo(SCN)6}3-]0.5, NEt4+ in compound 3. The 
hydrogen atoms have been omitted. 
 
HNNH
NH2 H2N
N
N N
NH HN
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Compounds 4 and 5 crystallize in the P 21 and P 1 21/C 1 space groups respectively. For the 
two Ni compounds 4 and 5, the anionic part is constituted by two isolated {Mo(SCN)6}3- 
units. The cationic part is function of the salt of the hexathiocyanato starting materiel. If the 
(PPh4)3[Mo(NCS)6] is used, we will find, a PPh4+ entity which crystallizes with two {Ni(2,2’-
bpy)2(CH3CN)2}2+ units to balance the charge of the previous described anionic part of the 
material (Figure 4.4). Conversely using (NEt4)3Mo(SCN)6 as starting materiel, the cationic 
part will be three nickel entities, i.e. {Ni(3,2,3-tet)}2+, as in compound 5 (Figure 4.5). For this 
compound the Ni atom lies on an inversion center. The asymmetric unit contains only a 
portion of the ligand. The other part is generated by the inversion center, but 2 carbon atoms 
C(19) and C(20) and the O atom of the water molecule are in half occupancy. Hydrogen 
atoms on the water molecule could not be located. For both compounds 4 and 5, the 
coordination sphere of the Ni atom is completed by two coordinated acetonitrile molecule. 
 
Figure 4.4. Perspective view of the salt {Ni(2,2’-bpy)2(CH3CN)2}2+, 2{Mo(NCS)6}3-, 2 PPh4+ in compound 4. 
The hydrogen atoms, the two non coordinated acetonitrile molecules and the half water molecule have been 
omitted for clarity. 
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Figure 4.5. Perspective view of the salt [{Ni(3,2,3-tet)(CH3CN)2}3{Mo(NCS)6}2] in compound 5. The hydrogen 
atoms and the water molecule have been omitted for clarity.  
 
Compound 6 crystallizes in the C 1 2/c 1 space group with two solvent molecules 
(acetonitrile) in the structure. The anionic part of the salt, {Mo(SCN)6}3-, is balanced by one 
NEt4+ cation and one {CoLN5(CH3CN)2}2+ cationic unit. In this last one, the Co atom is 
surrounded by the macrocycle ligand LN5, and the two remaining sites of its coordination 
sphere are occupied by two axial acetonitrile molecules (Figure 4.6). The NEt4+ cation is 
disordered, the nitrogen atom of the cation lies on an inversion center. Each ethyl group is in 
half occupancy and the symmetry elements generate the four other butyl groups. 
 
Figure 4.6. Perspective view of the salt [{CoLN5(CH3CN)2}{Mo(SCN)6}{NEt4}] in 6. The hydrogen atoms and 
the two free acetonitrile molecules are not represented for clarity.  
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The IR spectra of all the descibed compounds are characterized by a sharp and intense 
vibration characteristic of the NCS vibration mode and appearing between 2052 and 2042 
cm-1, in addition to the others bands belonging to the organic backbone of the various ligands 
and to the amonium and phosphonium cations. 
II. Magnetic properties: The temperature dependence of the product of the molar magnetic 
susceptibility, M, and temperature is shown Figure 4.7 for compounds 1 and 2. For both 
compounds, the MT products at 300 K (4.43 and 9.69 cm3mol-1K, respectively) are in 
agreement with the expected paramagnetic contributions of the different components of the 
systems, i.e. 4.49 and 9.375 cm3mol-1K, respectively. Upon lowering the temperature, the MT 
products first decrease gradually and below 100 K the decrease become steeper. Such a 
behavior is in agreement with weak antiferromagnetic Mo-Cu interactions. However, the 
values reached for 2 K are lower than those anticipated for the ground state of the compounds 
( i.e. 1.76 versus 2.25 cm3mol-1K for 1 and 2.69 versus 6.375 cm3mol-1K for 2); suggesting 
the occurrence of intermolecular exchange interaction.  
The magnetic behavior for compound 1 has been computed by exact calculations of the 
energy levels associated to the spin Hamiltonian (H = -J(S1S2+S2S3)) through diagonalization 
of the full matrix with a general program for axial and rhombic symmetries9 by taking into 
account the paramagnetic contribution of the additional MoIII center. Intermolecular 
interactions have been considered in the mean field approximation. Least-squares fittings 
were accomplished with an adapted version of the function-minimization program MINUIT.10 
Best fit to the experimental data yielded JCuMo = -5.9 cm-1, zJ’ = -0.24 cm-1, g = 2.01 (Figure 
4.7). A related modeling could not be performed for 2 because of the too large number of 
magnetic centers. 
The antiferromagnetic interaction between the MoIII and CuII found for 1 is in agreement with 
the overlap scheme of the magnetic orbitals through the NCS ligand. The situation for Cu is 
similar to that of Ni we have discussed in Chapter 1, except that only one unpaired electron is 
localized in the eg orbitals (in dx2-y2) for CuII. The fact that the strength of the exchange 
coupling is very weak as compared to the Mo-Ni interaction (ca -50 cm-1) can be related to 
the very long Cu-S bond. This long bond is the consequence of the geometrical distorsion of 
the apical position due to the Jahn-Teller effect that is strong for six-coordinated CuII.  
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Figure 4.7. Experimental (○) and calculated (−) temperature dependence of MT for compound 1 (left) and 2 
(right). Best fit parameters for 1, JCuMo = -5.9 cm-1, g = 2.01, zJ’ = -0.24 cm-1 
 
 
4.4. CONCLUDING REMARKS 
This chapter gathers results showing that the type of association between [Mo(NCS)6]3- and 3d 
building units is under the influence of the medium, in particular the solvent and the nature of 
the salt of the building bricks. The coordination of an acetonitrile molecule (acetonitrile is 
used for solubility purposes of the 3d building units) to the 3d ion stops the possibility of the 
NCS ligand to act as a bridge between the 3d and the Mo metal centers. Many attempts have 
been tested by changing the proportions of acetonitrile in the reaction solutions or even by 
replacing the acetonitrile. The only associations met are those described in this chapter and 
are found only in the presence of acetonitrile. 
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4.6. SUPPORTING INFORMATION 
A. ORTEP plots 
Figure A.4.1. ORTEP view of the asymmetric unit of [{Cu(3,3,3-
tet)(CH3CN)}2Mo(SCN)6][Mo(NCS)6][PPh4]2.6CH3CN, 1 with ellipsoids cut at the 30% 
probability level. 
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Figure A.4.2. ORTEP view of the asymmetric unit of 
[{Cu(tet)(CH3CN)}4Mo(NCS)6][Mo(NCS)6]3[Cu(tet)(CH3CN)].CH3CN, 2  with ellipsoids 
cut at the 30% probability level. 
 
 
Figure A.4.3. ORTEP view of the asymmetric unit of [Mn(2,2’-
bpy)
3
][Mo(SCN)6][NEt4].CH3CN, 3 with ellipsoids cut at the 30% probability level. 
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Figure A.4.4. General ORTEP view of the asymmetric unit of [Ni(2,2’-
bpy)2(CH3CN)2][PPh4]2[Mo(NCS)6]2.2CH3CN.0.5H2O, 4, with ellipsoids cut at the 30% 
probability level (the Mo, Ni, P atoms and the free solvents molecules have been labeled) 
and details of the different parts of the asymmetric unit with the atoms labeling. The 
orientation is kept unchanged for the four pictures. 
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Figure A.4.5. ORTEP view of the asymmetric unit of [Ni(3,2,3-
tet)(CH3CN)]3[Mo(NCS)6]2.H2O, 5 with ellipsoids cut at the 30% probability level. 
 
Figure A.4.6. ORTEP view of the asymmetric unit of 
[CoLN5(CH3CN)2][Mo(SCN)6][NEt4].2CH3CN, 6 with ellipsoids cut at the 30% 
probability level. 
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B. Selected bond lengths and bond angles 
 Table B.4.1. Selected bond lengths and bond angles for [{Cu(3,3,3-
tet)(CH3CN)}2Mo(SCN)6][Mo(NCS)6][PPh4]2.6CH3CN, 1 
Mo1 N1 2.0870(16)Å  Mo1 N1 2.0870(16)Å 
Mo1 N2 2.0919(19)Å  Mo1 N2 2.0919(19)Å  
Mo1 N3 2.0903(18)Å  Mo1 N3 2.0903(18)Å 
Mo2 N4 2.0864(16)Å  Mo2 N4 2.0864(16)Å  
Mo2 N5 2.0921(17)Å  Mo2 N5 2.0921(17)Å  
Mo2 N6 2.1007(16)Å  Mo2 N6 2.1007(16)Å 
Cu1 N7 2.0591(17)Å  Cu1 N8 2.0520(17)Å  
Cu1 N9 2.0601(17)Å  Cu1 N10 2.0226(17)Å  
Cu1 S1 2.8014(7)Å  P1 C24 1.782(2)Å 
P1 C30 1.794(2)Å  P1 C36 1.794(2)Å  
P1 C42 1.790(2)Å  C1 N1 1.153(3)Å  
C1 S1 1.623(2)Å  C2 N2 1.156(3)Å 
C2 S2 1.621(2)Å  C3 N3 1.163(3)Å  
C3 S3 1.614(2)Å  C4 N4 1.155(2)Å  
C4 S4 1.6210(18)Å  C5 N5 1.156(3)Å 
C5 S5 1.625(2)Å  C6 N6 1.160(2)Å  
C6 S6 1.6218(19)Å  C7 C8 1.489(4)Å  
C7 N7 1.473(3)Å  C8 C9 1.508(3)Å 
C9 N8 1.487(3)Å  C10 C11 1.497(4)Å  
C10 N8 1.484(3)Å  C11 C12 1.507(3)Å  
C12 N9 1.475(3)Å  C13 C14 1.485(4)Å 
C13 N9 1.485(3)Å   C14 C15 1.478(4)Å  
C15 N10 1.466(3)Å   C16 C17 1.439(3)Å  
C18 C19 1.439(5)Å  C17 N11 1.128(3)Å 
C20 N13 1.107(4)Å   C18 N12 1.126(4)Å  
C22 C23 1.439(6)Å   C20 C21 1.458(5)Å  
C24 C29 1.387(3)Å  C22 N14 1.151(6)Å 
C30 C31 1.384(4)Å   C24 C25 1.389(3)Å  
C31 C32 1.384(4)Å   C25 C26 1.386(3)Å  
C32 C33 1.374(5)Å  C26 C27 1.369(4)Å 
C33 C34 1.360(5)Å   C27 C28 1.376(4)Å  
C34 C35 1.385(4)Å   C28 C29 1.383(3)Å  
C36 C41 1.383(3)Å  C30 C35 1.393(3)Å 
C42 C43 1.383(3)Å   C36 C37 1.388(3)Å  
C43 C44 1.382(4)Å   C37 C38 1.386(4)Å  
C44 C45 1.381(4)Å  C38 C39 1.358(4)Å 
C45 C46 1.380(4)Å   C39 C40 1.366(4)Å  
C46 C47 1.380(3)Å   C40 C41 1.387(3)Å  
 C42 C47 1.396(3)Å 
 
N1 Mo1 N1 179.995°  N1 Mo1 N2 89.95(7)° 
N1 Mo1 N2 90.05(7)°  N1 Mo1 N2 90.05(7)° 
N1 Mo1 N2 89.95(7)°  N2 Mo1 N2 179.995°  
N1 Mo1 N3 89.78(7)°  N1 Mo1 N3 90.22(7)°  
N2 Mo1 N3 92.31(7)°  N2 Mo1 N3 87.69(7)° 
N1 Mo1 N3 90.22(7)°  N1 Mo1 N3 89.78(7)°  
N2 Mo1 N3 87.69(7)°  N2 Mo1 N3 92.31(7)°  
N3 Mo1 N3 179.995°  N4 Mo2 N4 179.995° 
N4 Mo2 N5 89.85(6)°  N4 Mo2 N5 90.15(6)°  
N4 Mo2 N5 90.15(6)°  N4 Mo2 N5 89.85(6)°  
N5 Mo2 N5 179.995°  N4 Mo2 N6 90.85(6)° 
N4 Mo2 N6 89.15(6)°  N5 Mo2 N6 91.87(6)°  
N5 Mo2 N6 88.13(6)°  N4 Mo2 N6 89.15(6)°  
N4 Mo2 N6 90.85(6)°  N5 Mo2 N6 88.13(6)° 
N5 Mo2 N6 91.87(6)°  N6 Mo2 N6 179.995°  
N7 Cu1 N8 86.99(7)°  N7 Cu1 N9 157.64(7)° 
N8 Cu1 N9 97.02(7)°  N7 Cu1 N10 83.96(7)° 
N8 Cu1 N10 170.95(7)° N9 Cu1 N10 91.44(7)°  
N7 Cu1 S1 106.85(6)° N8 Cu1 S1 98.33(5)°  
N9 Cu1 S1 94.38(5)°  N10 Cu1 S1 84.14(5)° 
C24 P1 C30 108.09(10)° C24 P1 C36 112.13(9)° 
C30 P1 C36 107.69(10)° C24 P1 C42 108.83(9)° 
C30 P1 C42 110.77(11)° C36 P1 C42 109.33(10)° 
N1 C1 S1 178.5(2)°  N2 C2 S2 178.69(18)° 
N3 C3 S3 178.5(2)°  N4 C4 S4 179.91(18)° 
N5 C5 S5 179.00(18)°  N6 C6 S6 178.63(17)° 
C8 C7 N7 109.87(19)°  C19 C18 N12 179.2(5)°  
C7 C8 C9 114.2(2)°  C23 C22 N14 177.5(4)° 
C8 C9 N8 114.02(18)°  P1 C24 C29 121.33(16)° 
C11 C10 N8 112.77(19)°  C24 C25 C26 119.9(2)°  
C10 C11 C12 113.9(2)°  C26 C27 C28 120.6(2)° 
C11 C12 N9 113.44(18)°  C24 C29 C28 119.2(2)°  
C14 C13 N9 114.6(2)°   P1 C30 C35 120.0(2)°  
C13 C14 C15 113.6(2)°  C30 C31 C32 120.0(3)° 
C14 C15 N10 111.17(19)°  C32 C33 C34 120.8(3)°  
C16 C17 N11 179.4(3)°   C30 C35 C34 119.0(3)°  
C21 C20 N13 179.2(5)°  P1 C36 C41 121.37(16)° 
P1 C24 C25 118.37(16)°  C36 C37 C38 119.3(3)°  
C25 C24 C29 120.11(19)°  C38 C39 C40 119.9(2)°  
C25 C26 C27 119.8(2)°  C36 C41 C40 119.9(2)° 
C27 C28 C29 120.4(2)°   P1 C42 C47 118.76(16)° 
P1 C30 C31 120.15(18)°  C42 C43 C44 119.6(2)°  
C31 C30 C35 119.9(2)°  C44 C45 C46 120.7(2)° 
C31 C32 C33 119.6(3)°   C42 C47 C46 119.5(2)°  
C33 C34 C35 120.7(3)°   Mo1 N2 C2 173.11(17)° 
P1 C36 C37 119.18(19)°  Mo2 N4 C4 175.17(15)° 
C37 C36 C41 119.4(2)°   Mo2 N6 C6 173.40(15)° 
C37 C38 C39 121.1(2)°   Cu1 N8 C10 117.38(14)° 
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C39 C40 C41 120.4(3)°  Cu1 N9 C13 118.30(14)° 
P1 C42 C43 120.79(18)° Cu1 N7 C7 118.69(14)° 
C43 C42 C47 120.4(2)°  Cu1 N8 C9 116.41(14)° 
C43 C44 C45 120.0(2)°  C9 N8 C10 107.96(17)° 
C45 C46 C47 119.8(3)°   Cu1 N9 C12 117.25(14)° 
Mo1 N1 C1 179.38(17)°  C12 N9 C13 107.69(17)° 
Mo1 N3 C3 177.34(16)°  Cu1 N10 C15 125.64(14)° 
Mo2 N5 C5 176.91(16)°  Cu1 S1 C1 112.79(8)° 
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Table B.4.2. Selected bond lengths and bond angles for 
[{Cu(tet)(CH3CN)}4Mo(NCS)6][Mo(NCS)6]3[Cu(tet)(CH3CN)].CH3CN, 2   
Mo1 N1 2.098(6)Å  Mo1 N1 2.098(6)Å 
Mo1 N2 2.087(5)Å  Mo1 N2 2.087(5)Å 
Mo1 N3 2.083(5)Å  Mo1 N3 2.083(5)Å  
Mo2 N14 2.097(6)Å  Mo2 N14 2.097(6)Å  
Mo2 N15 2.089(6)Å  Mo2 N15 2.089(6)Å 
Mo2 N16 2.107(6)Å  Mo2 N16 2.107(6)Å  
Mo3 N17 2.096(6)Å  Mo3 N17 2.096(6)Å  
Mo3 N18 2.086(6)Å  Mo3 N18 2.086(6)Å 
Mo3 N19 2.088(6)Å  Mo3 N19 2.088(6)Å  
Mo4 N20 2.073(9)Å  Mo4 N20 2.073(9)Å  
Mo4 N21 2.082(7)Å  Mo4 N21 2.082(7)Å 
Mo4 N22 2.094(6)Å  Mo4 N22 2.094(6)Å  
Cu1 N4 2.019(8)Å  Cu1 N5 2.058(7)Å  
Cu1 N6 2.051(7)Å  Cu1 N7 2.059(8)Å 
Cu2 N9 2.035(6)Å  Cu2 N10 2.056(6)Å  
Cu2 N11 2.054(5)Å  Cu2 N12 2.059(6)Å  
Cu2 S2 2.7076(19)Å  Cu3 N23 1.993(13)Å 
Cu3 N24 1.946(11)Å  Cu3 N25 1.963(14)Å  
Cu3 N26 2.180(12)Å  Cu3 N27 2.254(9)Å  
C1 N1 1.152(9)Å  C1 S1 1.633(7)Å 
C2 N2 1.154(8)Å  C2 S2 1.623(6)Å  
C3 N3 1.157(8)Å  C3 S3 1.619(7)Å  
C4 C5 1.457(17)Å  C4 N4 1.505(14)Å 
C5 C6 1.448(18)Å  C6 N5 1.471(13)Å  
C7 C8 1.503(18)Å  C7 N5 1.436(13)Å  
C8 C9 1.484(18)Å  C9 N6 1.496(14)Å 
C10 C11 1.519(17)Å  C10 N6 1.476(13)Å  
C11 C12 1.477(16)Å   C12 N7 1.470(11)Å  
C13 C14 1.443(13)Å   C13 N8 1.122(11)Å  
C15 N9 1.475(9)Å  C15 C16 1.502(11)Å 
C17 N10 1.497(10)Å   C16 C17 1.506(11)Å  
C18 N10 1.480(9)Å   C18 C19 1.479(12)Å  
C20 N11 1.486(9)Å  C19 C20 1.503(11)Å 
C21 N11 1.499(9)Å   C21 C22 1.492(10)Å  
C23 N12 1.468(8)Å   C22 C23 1.511(10)Å  
C24 N13 1.097(13)Å  C24 C25 1.473(16)Å 
C26 N14 1.161(10)Å   C26 S4 1.632(9)Å  
C27 N15 1.162(9)Å   C27 S5 1.603(8)Å  
C28 N16 1.149(9)Å  C28 S6 1.628(7)Å 
C29 N17 1.153(10)Å   C29 S7 1.630(8)Å  
C30 N18 1.161(10)Å   C30 S8 1.621(8)Å  
C31 N19 1.154(9)Å  C31 S9 1.624(8)Å 
C32 N20 1.105(16)Å   C32 S10 1.680(17)Å  
C33 N21 1.150(10)Å   C33 S11 1.604(9)Å  
C34 N22 1.134(10)Å  C34 S12 1.619(8)Å 
C35 C36 1.487(5)Å   C35 N23 1.496(5)Å  
C36 C37 1.489(5)Å   C37 N24 1.486(5)Å  
C38 C39 1.488(5)Å  C38 N24 1.483(5)Å 
C39 C40 1.481(5)Å   C40 N25 1.480(5)Å  
C41 C42 1.486(5)Å   C41 N25 1.493(5)Å  
C42 C43 1.484(5)Å  C43 N26 1.480(5)Å 
C44 C45 1.432(13)Å   C44 N27 1.112(12)Å  
 
N1 Mo1 N1 179.995°  N1 Mo1 N2 87.4(2)° 
N1 Mo1 N2 92.6(2)°  N1 Mo1 N2 92.6(2)° 
N1 Mo1 N2 87.4(2)°  N2 Mo1 N2 179.995°  
N1 Mo1 N3 89.4(2)°  N1 Mo1 N3 90.6(2)°  
N2 Mo1 N3 89.6(2)°  N2 Mo1 N3 90.4(2)° 
N1 Mo1 N3 90.6(2)°  N1 Mo1 N3 89.4(2)°  
N2 Mo1 N3 90.4(2)°  N2 Mo1 N3 89.6(2)°  
N3 Mo1 N3 179.994°  N14 Mo2 N14 179.995° 
N14 Mo2 N15 86.9(2)°  N14 Mo2 N15 93.1(2)°  
N14 Mo2 N15 93.1(2)°  N14 Mo2 N15 86.9(2)°  
N15 Mo2 N15 179.995°  N14 Mo2 N16 89.8(2)° 
N14 Mo2 N16 90.2(2)°  N15 Mo2 N16 90.0(2)°  
N15 Mo2 N16 90.0(2)°  N14 Mo2 N16 90.2(2)°  
N14 Mo2 N16 89.8(2)°  N15 Mo2 N16 90.0(2)° 
N15 Mo2 N16 90.0(2)°  N16 Mo2 N16 179.995°  
N17 Mo3 N17 179.995°  N17 Mo3 N18 87.9(2)°  
N17 Mo3 N18 92.1(2)°  N17 Mo3 N18 92.1(2)° 
N17 Mo3 N18 87.9(2)°  N18 Mo3 N18 179.994°  
N17 Mo3 N19 90.1(2)°  N17 Mo3 N19 89.9(2)° 
N18 Mo3 N19 91.3(2)°   N18 Mo3 N19 88.7(2)°  
N17 Mo3 N19 89.9(2)°   N17 Mo3 N19 90.1(2)°  
N18 Mo3 N19 88.7(2)°  N18 Mo3 N19 91.3(2)° 
N19 Mo3 N19 179.995°   N20 Mo4 N20 179.994°  
N20 Mo4 N21 91.7(3)°   N20 Mo4 N21 88.3(3)°  
N20 Mo4 N21 88.3(3)°  N20 Mo4 N21 91.7(3)° 
N21 Mo4 N21 179.994°   N20 Mo4 N22 91.9(3)°  
N20 Mo4 N22 88.1(3)°   N21 Mo4 N22 88.8(3)°  
N21 Mo4 N22 91.2(3)°  N20 Mo4 N22 88.1(3)° 
N20 Mo4 N22 91.9(3)°   N21 Mo4 N22 91.2(3)°  
N21 Mo4 N22 88.8(3)°   N22 Mo4 N22 179.995°  
N4 Cu1 N5 92.3(4)°  N4 Cu1 N6 170.5(3)° 
N5 Cu1 N6 97.0(3)°   N4 Cu1 N7 84.2(4)°  
N5 Cu1 N7 164.8(3)°   N6 Cu1 N7 86.3(3)°  
N9 Cu2 N10 90.6(2)°  N9 Cu2 N11 170.1(2)° 
N10 Cu2 N11 96.1(2)°   N9 Cu2 N12 84.8(2)°  
N10 Cu2 N12 159.6(2)°   N11 Cu2 N12 86.4(2)°  
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N9 Cu2 S2 86.23(18)° N10 Cu2 S2 96.76(17)° 
N11 Cu2 S2 100.27(17)° N12 Cu2 S2 102.73(18)° 
N23 Cu3 N24 98.7(5)°  N23 Cu3 N25 138.0(5)°  
N24 Cu3 N25 96.2(5)°  N23 Cu3 N26 91.8(5)°  
N24 Cu3 N26 169.3(5)°  N25 Cu3 N26 77.1(5)° 
N23 Cu3 N27 111.3(4)°  N24 Cu3 N27 93.1(4)°  
N25 Cu3 N27 106.8(5)°  N26 Cu3 N27 81.1(4)°  
N1 C1 S1 176.8(6)°  N2 C2 S2 177.5(6)° 
N3 C3 S3 179.4(6)°  C5 C4 N4 112.5(9)°  
C16 C15 N9 111.4(6)°  C4 C5 C6 114.2(10)° 
C15 C16 C17 114.1(6)°  C5 C6 N5 117.5(9)° 
C16 C17 N10 113.8(6)°  C8 C7 N5 113.3(8)°  
C19 C18 N10 113.2(6)°  C7 C8 C9 114.6(11)° 
C18 C19 C20 113.6(7)°  C8 C9 N6 114.4(9)° 
C19 C20 N11 112.3(6)°  C11 C10 N6 113.6(8)°  
C22 C21 N11 114.2(5)°  C10 C11 C12 114.5(9)°  
C21 C22 C23 115.2(6)°  C11 C12 N7 109.6(8)° 
C22 C23 N12 109.8(6)°  C14 C13 N8 178.7(9)°  
C25 C24 N13 178.7(14)° N14 C26 S4 176.4(8)°  
N15 C27 S5 178.8(7)°  N16 C28 S6 179.1(7)° 
N17 C29 S7 178.6(7)°  N18 C30 S8 177.7(7)°  
N19 C31 S9 178.2(8)°  N20 C32 S10 170.1(18)° 
N21 C33 S11 179.2(9)°  N22 C34 S12 178.6(9)° 
Mo1 N1 C1 169.6(6)°  Mo1 N2 C2 171.0(5)°  
Mo1 N3 C3 176.9(5)°  Cu1 N5 C6 117.8(6)°  
Cu1 N4 C4 124.4(8)°   Cu1 N5 C7 120.0(7)°  
C6 N5 C7 109.9(8)°  Cu1 N6 C9 117.2(7)° 
C9 N6 C10 107.3(8)°   Cu1 N6 C10 116.8(6)°  
Cu1 N7 C12 119.5(6)°   H6 N7 Cu1 110.641°  
Cu2 N9 C15 122.7(4)°  Cu2 N10 C17 117.2(5)° 
C17 N10 C18 106.7(6)°   Cu2 N10 C18 119.6(4)°  
C20 N11 C21 108.1(5)°   Cu2 N11 C20 118.7(4)°  
Cu2 N12 C23 118.7(5)°  Cu2 N11 C21 115.8(4)° 
Mo2 N15 C27 170.3(6)°   Mo2 N14 C26 166.4(7)°  
Mo3 N17 C29 173.2(6)°   Mo2 N16 C28 177.9(6)°  
Mo3 N19 C31 170.6(7)°  Mo3 N18 C30 168.4(6)° 
Mo4 N21 C33 171.3(6)°   Mo4 N20 C32 174.2(12)° 
Cu2 S2 C2 109.9(2)°   Mo4 N22 C34 175.2(8)°  
Cu3 N24 C37 109.0(9)°  C36 C35 N23 107.6(13)° 
Cu3 N24 C38 115.7(8)°   C35 C36 C37 123.5(16)° 
Cu3 N25 C40 120.7(11)°   C36 C37 N24 115.1(14)° 
Cu3 N25 C41 126.4(11)°   C39 C38 N24 117.5(11)° 
Cu3 N27 C44 175.0(8)°   C38 C39 C40 123.7(13)° 
Cu3 N26 C43 116.6(9)°   C39 C40 N25 116.3(13)° 
Cu3 N23 C35 117.7(9)°  C42 C41 N25 106.0(13)° 
C45 C44 N27 178.7(10)°   C41 C42 C43 112.7(14)° 
C37 N24 C38 117.2(10)°   C42 C43 N26 108.9(12)° 
C40 N25 C41 95.5(10)°     
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Table B.4.3. Selected bond lengths and bond angles for  
Mn(2,2’-bpy)
3
][Mo(SCN)6][NEt4].CH3CN, 3 
S1 C1 1.6178(18)Å  S2 C2 1.6239(19)Å 
S3 C3 1.622(2)Å  S4 C4 1.6239(19)Å  
S5 C5 1.621(2)Å  S6 C6 1.615(2)Å 
N1 C1 1.165(2)Å  N1 Mo1 2.0952(15)Å  
N2 C2 1.165(2)Å  N2 Mo1 2.1051(15)Å  
N3 C3 1.164(2)Å  N3 Mo1 2.1021(16)Å 
N4 C4 1.162(2)Å  N4 Mo2 2.1001(15)Å  
N5 C5 1.165(2)Å  N5 Mo2 2.1035(16)Å  
N6 C6 1.168(2)Å  N6 Mo2 2.0970(16)Å 
N7 C7 1.339(2)Å  N7 C11 1.345(2)Å  
N7 Mn1 2.2319(15)Å  N8 C12 1.347(2)Å  
N8 C16 1.343(3)Å  N8 Mn1 2.2424(15)Å 
N9 C17 1.343(2)Å  N9 C21 1.340(2)Å  
N9 Mn1 2.2370(15)Å  N10 C22 1.346(2)Å  
N10 C26 1.340(2)Å  N10 Mn1 2.2528(15)Å 
N11 C27 1.343(2)Å  N11 C31 1.342(2)Å  
N11 Mn1 2.2293(15)Å  N12 C32 1.346(2)Å  
N12 C36 1.343(2)Å  N12 Mn1 2.2520(14)Å 
N13 C37 1.517(3)Å  N13 C39 1.527(3)Å  
N13 C41 1.509(3)Å N13 C43 1.520(3)Å 
N14 C46 1.133(3)Å  C7 C8 1.385(3)Å  
C12 C13 1.382(3)Å  C8 C9 1.370(3)Å  
C17 C18 1.376(3)Å C9 C10 1.370(3)Å 
C18 C19 1.355(4)Å  C10 C11 1.391(2)Å  
C19 C20 1.386(4)Å  C11 C12 1.481(3)Å  
C20 C21 1.387(3)Å C13 C14 1.380(3)Å 
C21 C22 1.485(3)Å  C14 C15 1.369(4)Å  
C23 C24 1.381(3)Å  C15 C16 1.374(3)Å  
C24 C25 1.371(4)Å C22 C23 1.384(3)Å 
C25 C26 1.379(3)Å  C27 C28 1.380(3)Å  
C32 C33 1.387(3)Å  C28 C29 1.372(3)Å  
C37 C38 1.505(3)Å C29 C30 1.381(3)Å 
C39 C40 1.503(4)Å  C30 C31 1.392(3)Å  
C41 C42 1.510(3)Å  C31 C32 1.488(2)Å  
C43 C44 1.510(3)Å C33 C34 1.384(3)Å 
C45 C46 1.439(4)Å  C34 C35 1.373(3)Å  
   C35 C36 1.376(3)Å  
 
C1 N1 Mo1 169.65(15)° C2 N2 Mo1 175.73(15)° 
C3 N3 Mo1 170.42(15)° C4 N4 Mo2 170.47(15)° 
C5 N5 Mo2 171.15(16)° C6 N6 Mo2 173.84(15)° 
C7 N7 C11 118.56(16)° C7 N7 Mn1 124.37(13)° 
C11 N7 Mn1 116.95(12)° C12 N8 C16 118.56(16)° 
C12 N8 Mn1 116.60(12)° C16 N8 Mn1 124.83(13)° 
C17 N9 C21 118.53(16)° C17 N9 Mn1 124.49(13)° 
C21 N9 Mn1 116.88(12)° C22 N10 C26 118.12(17)° 
C22 N10 Mn1 116.43(12)° C26 N10 Mn1 125.41(14)° 
C27 N11 C31 118.77(16)° C27 N11 Mn1 123.24(12)° 
C31 N11 Mn1 117.50(11)° C32 N12 C36 118.41(15)° 
C32 N12 Mn1 116.72(11)° C36 N12 Mn1 124.87(13)° 
C37 N13 C39 111.68(18)° C37 N13 C41 106.34(16)° 
C39 N13 C41 111.59(18)° C37 N13 C43 110.93(17)° 
C39 N13 C43 105.26(16)° C41 N13 C43 111.14(17)° 
S1 C1 N1 179.55(18)° S2 C2 N2 179.39(16)° 
S3 C3 N3 179.27(17)° S4 C4 N4 178.65(19)° 
S5 C5 N5 179.20(18)° S6 C6 N6 179.21(18)° 
N7 C7 C8 122.8(2)°  C7 C8 C9 118.2(2)°  
C8 C9 C10 119.80(19)° C9 C10 C11 119.38(19)° 
N7 C11 C10 121.21(18)° N7 C11 C12 116.40(15)° 
C10 C11 C12 122.39(17)° N8 C12 C11 116.30(16)° 
N8 C12 C13 120.96(19)° C11 C12 C13 122.73(18)° 
C12 C13 C14 119.5(2)°  C13 C14 C15 119.8(2)°  
C14 C15 C16 118.1(2)°  N8 C16 C15 123.2(2)°  
N9 C17 C18 122.9(2)°  C17 C18 C19 118.7(2)° 
C18 C19 C20 119.5(2)°   C19 C20 C21 119.2(2)°  
N9 C21 C20 121.15(19)°  N9 C21 C22 116.75(16)° 
C20 C21 C22 122.09(19)°  N10 C22 C21 116.27(16)° 
N10 C22 C23 121.52(19)°  C21 C22 C23 122.21(18)° 
C22 C23 C24 119.3(2)°   C23 C24 C25 119.6(2)°  
C24 C25 C26 118.1(2)°  N10 C26 C25 123.4(2)° 
N11 C27 C28 122.68(18)°  C27 C28 C29 118.52(18)° 
C28 C29 C30 119.53(18)°  C29 C30 C31 119.11(18)° 
N11 C31 C30 121.28(17)°  N11 C31 C32 115.74(15)° 
C30 C31 C32 122.97(16)°  N12 C32 C31 116.08(15)° 
N12 C32 C33 121.33(17)°  C31 C32 C33 122.57(17)° 
C32 C33 C34 119.20(19)°  C33 C34 C35 119.57(18)° 
C34 C35 C36 118.23(19)°  N12 C36 C35 123.25(19)° 
N13 C37 C38 116.00(18)°  N1 Mo1 N1 179.995°  
N13 C39 C40 115.3(2)°  N1 Mo1 N2 88.76(6)° 
N13 C41 C42 116.1(2)°   N1 Mo1 N2 91.24(6)°  
N13 C43 C44 114.90(18)°  N1 Mo1 N3 92.24(6)°  
N14 C46 C45 179.5(2)°  N2 Mo1 N3 90.18(6)° 
N1 Mo1 N2 91.24(6)°   N1 Mo1 N3 87.76(6)°  
N1 Mo1 N2 88.76(6)°   N2 Mo1 N3 89.82(6)°  
N2 Mo1 N2 179.995°  N3 Mo1 N3 179.995° 
N1 Mo1 N3 87.76(6)°   N4 Mo2 N5 92.34(6)°  
N2 Mo1 N3 89.82(6)°   N4 Mo2 N5 87.66(6)°  
N1 Mo1 N3 92.24(6)°  N5 Mo2 N5 179.995° 
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N2 Mo1 N3 90.18(6)°  N4 Mo2 N6 88.74(6)°  
N4 Mo2 N4 179.995°  N5 Mo2 N6 87.37(6)° 
N4 Mo2 N5 87.66(6)°  N4 Mo2 N6 91.26(6)°  
N4 Mo2 N5 92.34(6)°  N5 Mo2 N6 92.63(6)°  
N4 Mo2 N6 91.26(6)°  N7 Mn1 N8 73.47(6)° 
N5 Mo2 N6 92.63(6)°  N8 Mn1 N9 95.79(6)°  
N4 Mo2 N6 88.74(6)°  N8 Mn1 N10 165.09(6)° 
N5 Mo2 N6 87.37(6)°   N7 Mn1 N11 161.26(5)° 
N6 Mo2 N6 179.995°  N9 Mn1 N11 95.48(5)° 
N7 Mn1 N9 100.49(5)°   N7 Mn1 N12 93.71(5)°  
N7 Mn1 N10 97.93(6)°   N9 Mn1 N12 161.60(5)° 
N9 Mn1 N10 73.45(6)°  N11 Mn1 N12 72.97(5)° 
N8 Mn1 N11 95.32(6)°   N8 Mn1 N12 99.45(6)°  
N10 Mn1 N11 95.96(5)°   N10 Mn1 N12 93.16(6)°  
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Table B.4.4. Selected bond lengths and bond angles for  
[Ni(2,2’-bpy)2(CH3CN)2][PPh4]2[Mo(NCS)6]2.2CH3CN.0.5H2O, 4 
Mo1 N1 2.089(4)Å  Mo1 N2 2.096(4)Å 
Mo1 N3 2.086(4)Å   Mo1 N4 2.112(4)Å  
Mo1 N5 2.101(4)Å  Mo1 N6 2.094(4)Å 
Mo2 N7 2.098(3)Å   Mo2 N8 2.079(4)Å  
Mo2 N9 2.110(3)Å   Mo2 N10 2.108(3)Å  
Mo2 N11 2.100(3)Å  Mo2 N12 2.121(3)Å 
Ni1 N13 2.077(3)Å   Ni1 N14 2.082(3)Å  
Ni1 N15 2.078(3)Å   Ni1 N16 2.074(3)Å  
Ni1 N17 2.108(3)Å  Ni1 N18 2.061(3)Å 
Ni2 N19 2.066(3)Å   Ni2 N20 2.096(3)Å  
Ni2 N21 2.090(4)Å   Ni2 N22 2.068(3)Å  
Ni2 N23 2.093(4)Å  Ni2 N24 2.034(4)Å 
P1 C61 1.790(4)Å   P1 C67 1.796(4)Å  
P1 C73 1.791(4)Å   P1 C79 1.795(4)Å  
P2 C85 1.795(4)Å  P2 C91 1.804(4)Å 
P2 C97 1.781(4)Å   P2 C103 1.802(4)Å  
C1 N1 1.159(6)Å   C1 S1 1.633(5)Å  
C2 N2 1.152(6)Å  C2 S2 1.619(4)Å 
C3 N3 1.184(7)Å   C3 S3 1.614(5)Å  
C4 N4 1.169(6)Å   C4 S4 1.618(5)Å  
C5 N5 1.149(6)Å  C5 S5 1.614(5)Å 
C6 N6 1.166(6)Å   C6 S6 1.619(5)Å  
C7 N7 1.173(5)Å   C7 S7 1.604(4)Å  
C8 N8 1.180(6)Å  C8 S8 1.608(5)Å 
C9 N9 1.148(5)Å   C9 S9 1.631(4)Å  
C10 N10 1.138(5)Å   C10 S10 1.638(4)Å  
C11 N11 1.163(5)Å  C11 S11 1.615(4)Å 
C12 N12 1.145(5)Å   C12 S12 1.620(4)Å  
C13 C14 1.380(6)Å   C13 N13 1.340(5)Å  
C17 N13 1.353(5)Å  C14 C15 1.396(7)Å 
C18 N14 1.343(5)Å   C15 C16 1.368(6)Å  
C23 N15 1.329(5)Å   C16 C17 1.379(5)Å  
C24 C25 1.382(7)Å  C17 C18 1.479(5)Å 
C25 C26 1.387(6)Å   C18 C19 1.386(6)Å  
C26 C27 1.410(5)Å   C19 C20 1.398(6)Å  
C27 C28 1.479(5)Å  C20 C21 1.345(7)Å 
C28 C29 1.371(5)Å   C21 C22 1.396(6)Å  
C29 C30 1.403(6)Å   C22 N14 1.343(5)Å  
C30 C31 1.379(6)Å  C23 C24 1.400(6)Å 
C31 C32 1.390(6)Å   C27 N15 1.341(5)Å  
C32 N16 1.334(4)Å   C28 N16 1.353(5)Å  
C33 C34 1.474(5)Å  C33 N17 1.121(5)Å 
C35 N18 1.108(5)Å   C35 C36 1.440(5)Å  
C37 C38 1.375(7)Å   C37 N19 1.326(5)Å  
C41 N19 1.362(5)Å C38 C39 1.355(8)Å 
C42 N20 1.363(5)Å   C39 C40 1.396(7)Å  
C47 N21 1.331(6)Å   C40 C41 1.388(6)Å  
C48 C49 1.348(10)Å C41 C42 1.468(6)Å 
C49 C50 1.375(9)Å   C42 C43 1.389(6)Å  
C50 C51 1.382(7)Å   C43 C44 1.367(7)Å  
C51 C52 1.482(6)Å C44 C45 1.390(6)Å 
C52 C53 1.406(6)Å   C45 C46 1.381(6)Å  
C53 C54 1.345(7)Å   C46 N20 1.324(5)Å  
C54 C55 1.381(7)Å C47 C48 1.369(8)Å 
C55 C56 1.381(6)Å   C51 N21 1.351(6)Å  
C56 N22 1.340(5)Å   C52 N22 1.359(5)Å  
C57 C58 1.489(8)Å C57 N23 1.138(6)Å 
C59 N24 1.091(9)Å   C59 C60 1.533(13)Å  
C61 C62 1.395(6)Å   C61 C66 1.377(6)Å  
C62 C63 1.404(7)Å C67 C68 1.412(5)Å 
C63 C64 1.369(9)Å   C68 C69 1.371(6)Å  
C64 C65 1.394(8)Å   C69 C70 1.379(7)Å  
C65 C66 1.390(6)Å C70 C71 1.369(7)Å 
C67 C72 1.386(6)Å   C71 C72 1.412(7)Å  
C73 C74 1.395(5)Å   C73 C78 1.404(6)Å  
C74 C75 1.393(6)Å C79 C80 1.378(6)Å 
C75 C76 1.346(7)Å   C80 C81 1.381(6)Å  
C76 C77 1.378(7)Å   C81 C82 1.401(8)Å  
C77 C78 1.389(6)Å C82 C83 1.329(8)Å 
C79 C84 1.406(6)Å   C83 C84 1.383(7)Å  
C85 C86 1.387(6)Å   C85 C90 1.405(6)Å  
C86 C87 1.380(7)Å C91 C92 1.381(6)Å 
C87 C88 1.372(8)Å   C92 C93 1.388(7)Å  
C88 C89 1.391(8)Å   C93 C94 1.371(8)Å  
C89 C90 1.362(6)Å C94 C95 1.380(8)Å 
C91 C96 1.385(7)Å   C95 C96 1.365(7)Å  
C97 C98 1.382(6)Å   C97 C102 1.402(6)Å  
C98 C99 1.377(6)Å C103 C104 1.376(7)Å 
C99 C100 1.393(7)Å   C104 C105 1.411(9)Å  
C100 C101 1.382(6)Å   C105 C106 1.316(12)Å  
C101 C102 1.395(6)Å   C106 C107 1.393(12)Å  
C103 C108 1.372(8)Å C107 C108 1.402(8)Å 
C109 C110 1.480(10)Å   C109 N25 1.078(9)Å  
C111 N26 1.095(11)Å   C111 C112 1.599(12)Å  
O1 O2 1.174(11)Å    
 
N1 Mo1 N2 89.87(15)°  N1 Mo1 N3 91.53(18)° N2 Mo1 N3 90.07(16)°  N1 Mo1 N4 177.54(17)
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N2 Mo1 N4 90.25(15)°  N3 Mo1 N4 86.01(18)° 
N1 Mo1 N5 88.77(15)°  N2 Mo1 N5 178.00(16)
N3 Mo1 N5 91.43(16)°  N4 Mo1 N5 91.17(15)° 
N1 Mo1 N6 93.04(15)°  N2 Mo1 N6 89.71(15)° 
N3 Mo1 N6 175.42(16)° N4 Mo1 N6 89.42(15)° 
N5 Mo1 N6 88.91(15)°  N7 Mo2 N8 92.57(13)° 
N7 Mo2 N9 89.20(13)°  N8 Mo2 N9 90.31(14)° 
N7 Mo2 N10 177.73(15)° N8 Mo2 N10 87.48(13)° 
N9 Mo2 N10 93.08(12)°  N7 Mo2 N11 90.01(13)° 
N8 Mo2 N11 177.33(13)° N9 Mo2 N11 89.04(13)° 
N10 Mo2 N11 89.96(13)°  N7 Mo2 N12 86.12(14)° 
N8 Mo2 N12 91.03(14)°  N9 Mo2 N12 175.18(13)
N10 Mo2 N12 91.60(13)°  N11 Mo2 N12 89.82(14)° 
N13 Ni1 N14 78.85(12)°  N13 Ni1 N15 95.72(12)° 
N14 Ni1 N15 91.39(11)°  N13 Ni1 N16 171.07(13)
N14 Ni1 N16 94.15(11)°  N15 Ni1 N16 78.78(12)° 
N13 Ni1 N17 93.52(12)°  N14 Ni1 N17 172.08(12)
N15 Ni1 N17 91.44(13)°  N16 Ni1 N17 93.65(12)° 
N13 Ni1 N18 92.53(13)°  N14 Ni1 N18 91.05(12)° 
N15 Ni1 N18 171.70(12)° N16 Ni1 N18 93.13(12)° 
N17 Ni1 N18 87.19(12)°  N19 Ni2 N20 79.18(13)° 
N19 Ni2 N21 95.68(15)°  N20 Ni2 N21 90.45(13)° 
N19 Ni2 N22 170.53(14)° N20 Ni2 N22 93.36(12)° 
N21 Ni2 N22 78.42(14)°  N19 Ni2 N23 93.57(13)° 
N20 Ni2 N23 172.34(14)° N21 Ni2 N23 92.75(14)° 
N22 Ni2 N23 94.10(13)°  N19 Ni2 N24 92.73(15)° 
N20 Ni2 N24 93.36(15)°  N21 Ni2 N24 171.29(15)
N22 Ni2 N24 93.52(14)°  N23 Ni2 N24 84.46(15)° 
C61 P1 C67 109.93(18)° C61 P1 C73 109.25(18)
C67 P1 C73 109.97(19)° C61 P1 C79 111.2(2)°  
C67 P1 C79 106.66(17)° C73 P1 C79 109.77(19)
C85 P2 C91 111.3(2)°  C85 P2 C97 108.42(18)
C91 P2 C97 110.96(19)° C85 P2 C103 110.93(19)
C91 P2 C103 106.1(2)°  C97 P2 C103 109.1(2)°  
N1 C1 S1 178.5(4)°  N2 C2 S2 178.7(4)° 
N3 C3 S3 179.2(4)°  N4 C4 S4 178.8(5)°  
N5 C5 S5 179.1(4)°  N6 C6 S6 178.0(4)°  
N7 C7 S7 179.5(4)°  N8 C8 S8 179.1(4)° 
N9 C9 S9 179.4(3)°  N10 C10 S10 179.3(4)°  
N11 C11 S11 178.1(4)°  N12 C12 S12 179.7(4)°  
C14 C13 N13 122.2(4)°  C13 C14 C15 118.8(4)° 
C14 C15 C16 118.8(4)°  C15 C16 C17 120.0(4)°  
C16 C17 C18 123.9(4)°  C16 C17 N13 121.3(4)°  
C18 C17 N13 114.8(3)°  C17 C18 C19 122.3(4)° 
C17 C18 N14 116.2(3)°  C19 C18 N14 121.5(3)°  
C18 C19 C20 118.7(4)°  C19 C20 C21 119.8(4)°  
C20 C21 C22 119.0(4)°  C21 C22 N14 122.0(4)° 
C24 C23 N15 121.8(4)°  C23 C24 C25 118.8(4)°  
C24 C25 C26 119.5(4)°  C25 C26 C27 118.6(4)°  
C26 C27 C28 122.5(3)°  C26 C27 N15 121.1(3)° 
C28 C27 N15 116.2(3)°  C27 C28 C29 123.2(3)°  
C27 C28 N16 114.6(3)°   C29 C28 N16 122.2(3)°  
C28 C29 C30 118.5(4)°  C29 C30 C31 119.4(4)° 
C30 C31 C32 118.3(4)°   C31 C32 N16 122.6(4)°  
C34 C33 N17 178.2(4)°   C36 C35 N18 177.6(4)°  
C38 C37 N19 124.4(4)°  C37 C38 C39 118.2(5)° 
C38 C39 C40 119.5(4)°   C39 C40 C41 119.1(4)°  
C40 C41 C42 123.4(4)°   C40 C41 N19 121.0(4)°  
C42 C41 N19 115.6(3)°  C41 C42 C43 123.6(4)° 
C41 C42 N20 115.9(3)°   C43 C42 N20 120.5(4)°  
C42 C43 C44 119.5(4)°   C43 C44 C45 120.0(4)°  
C44 C45 C46 117.6(4)°  C45 C46 N20 123.2(4)° 
C48 C47 N21 123.3(5)°   C47 C48 C49 119.2(6)°  
C48 C49 C50 119.4(6)°   C49 C50 C51 118.9(6)°  
C50 C51 C52 123.3(4)°  C50 C51 N21 121.7(4)° 
C52 C51 N21 115.0(4)°   C51 C52 C53 124.4(4)°  
C51 C52 N22 114.9(3)°   C53 C52 N22 120.7(4)°  
C52 C53 C54 120.2(4)°  C53 C54 C55 119.4(4)° 
C54 C55 C56 118.8(4)°   C55 C56 N22 122.9(4)°  
C58 C57 N23 175.2(6)°   C60 C59 N24 172.0(9)°  
P1 C61 C62 117.5(3)°  P1 C61 C66 120.9(3)° 
C62 C61 C66 121.6(4)°   C61 C62 C63 118.2(5)°  
C62 C63 C64 120.1(5)°   C63 C64 C65 121.4(4)°  
C64 C65 C66 119.0(5)°  C61 C66 C65 119.8(4)° 
P1 C67 C68 118.7(3)°   P1 C67 C72 121.3(3)°  
C68 C67 C72 120.0(4)°   C67 C68 C69 119.6(4)°  
C68 C69 C70 120.7(4)°  C69 C70 C71 120.3(4)° 
C70 C71 C72 120.6(5)°   C67 C72 C71 118.6(4)°  
P1 C73 C74 118.0(3)°   P1 C73 C78 121.8(3)°  
C74 C73 C78 120.2(4)°  C73 C74 C75 118.9(4)° 
C74 C75 C76 120.6(4)°   C75 C76 C77 121.3(4)°  
C76 C77 C78 120.1(5)°   C73 C78 C77 118.7(4)°  
P1 C79 C80 120.2(3)°  P1 C79 C84 120.3(3)° 
C80 C79 C84 119.5(4)°   C79 C80 C81 121.3(4)°  
C80 C81 C82 117.9(5)°   C81 C82 C83 121.1(5)°  
C82 C83 C84 122.0(5)°  C79 C84 C83 118.1(5)° 
P2 C85 C86 121.4(3)°   P2 C85 C90 118.1(3)°  
C86 C85 C90 120.4(4)°   C85 C86 C87 118.9(5)°  
C86 C87 C88 121.4(5)°  C87 C88 C89 119.0(4)° 
C88 C89 C90 121.3(5)°   C85 C90 C89 119.0(5)°  
P2 C91 C92 119.1(4)°   P2 C91 C96 121.3(3)°  
C92 C91 C96 119.6(4)°  C91 C92 C93 120.7(5)° 
C92 C93 C94 118.9(5)°   C93 C94 C95 120.3(5)°  
C94 C95 C96 120.9(6)°   C91 C96 C95 119.5(5)°  
P2 C97 C98 119.0(3)°  P2 C97 C102 121.7(3)° 
C98 C97 C102 119.2(4)°   C97 C98 C99 121.1(4)°  
C98 C99 C100 119.9(4)°   C99 C100 C101 119.8(4)°  
C100 C101 C102 120.4(4)°  C97 C102 C101 119.5(4)° 
P2 C103 C104 118.2(4)°   P2 C103 C108 120.4(4)°  
C104 C103 C108 121.4(5)°   C103 C104 C105 117.1(6)°  
C104 C105 C106 123.6(6)°  C105 C106 C107 118.8(6)° 
C106 C107 C108 120.2(7)°   C103 C108 C107 118.9(6)°  
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C110 C109 N25 177.3(7)°  C112 C111 N26 176.3(11)° 
Mo1 N1 C1 175.1(4)°  Mo1 N2 C2 175.9(4)° 
Mo1 N3 C3 161.1(4)°  Mo1 N4 C4 167.7(4)°  
Mo1 N5 C5 175.2(4)°  Mo1 N6 C6 177.6(3)°  
Mo2 N7 C7 167.9(3)°  Mo2 N8 C8 170.8(4)° 
Mo2 N9 C9 174.6(3)°  Mo2 N10 C10 173.1(3)°  
Mo2 N11 C11 172.1(3)°  Mo2 N12 C12 165.7(3)°  
Ni1 N13 C13 125.8(3)°  Ni1 N13 C17 115.2(2)° 
C13 N13 C17 118.9(3)°  Ni1 N14 C18 114.7(2)°  
Ni1 N14 C22 126.3(3)°  C18 N14 C22 119.0(3)°  
Ni1 N15 C23 125.2(3)°  Ni1 N15 C27 114.6(2)° 
C23 N15 C27 120.3(3)°   Ni1 N16 C28 114.9(2)°  
Ni1 N16 C32 125.9(3)°  C28 N16 C32 118.8(3)° 
Ni1 N17 C33 170.5(3)°   Ni1 N18 C35 175.4(3)°  
Ni2 N19 C37 127.0(3)°   Ni2 N19 C41 115.2(3)°  
C37 N19 C41 117.7(4)°  Ni2 N20 C42 113.9(2)° 
Ni2 N20 C46 126.9(3)°   C42 N20 C46 119.1(3)°  
Ni2 N21 C47 127.2(4)°   Ni2 N21 C51 115.3(3)°  
C47 N21 C51 117.4(4)°  Ni2 N22 C52 115.4(3)° 
Ni2 N22 C56 126.2(3)°   C52 N22 C56 118.0(3)°  
Ni2 N23 C57 173.6(4)°   Ni2 N24 C59 173.0(6)°  
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Table B.4.5. Selected bond lengths and angles for  
[Ni(3,2,3-tet)(CH3CN)]3[Mo(NCS)6]2.H2O, 5  
S1 C1 1.620(2)Å   S2 C2 1.621(2)Å 
S3 C3 1.623(2)Å   S4 C4 1.623(2)Å  
S5 C5 1.625(2)Å   S6 C6 1.628(2)Å 
C1 N1 1.160(3)Å   C2 N2 1.163(3)Å  
C3 N3 1.160(3)Å   C4 N4 1.159(3)Å  
C5 N5 1.167(3)Å   C6 N6 1.165(3)Å 
C7 C8 1.514(3)Å   C7 N7 1.483(2)Å  
C8 C9 1.523(3)Å   C9 N8 1.482(2)Å  
C10 C11 1.515(3)Å   C10 N8 1.482(2)Å 
C11 N9 1.481(3)Å   C12 C13 1.518(3)Å  
C12 N9 1.479(3)Å   C13 C14 1.522(3)Å  
C14 N10 1.481(3)Å   C15 C16 1.458(3)Å 
C15 N11 1.135(2)Å   C17 N12 1.134(3)Å  
C17 C18 1.457(3)Å C19 C20 1.503(6)Å 
C19 N13 1.581(5)Å  C19 O1 1.411(6)Å  
C21 N14 1.476(3)Å  C20 N14 1.510(5)Å  
C23 N13 1.480(3)Å C21 C22 1.518(4)Å 
C24 N15 1.137(3)Å  C22 C23 1.520(4)Å  
N1 Mo1 2.0915(18)Å C24 C25 1.448(3)Å  
N3 Mo1 2.097(2)Å N2 Mo1 2.0915(19)Å 
N5 Mo1 2.1091(19)Å N4 Mo1 2.1106(17)Å  
N7 Ni1 2.0857(16)Å N6 Mo1 2.1105(19)Å  
N11 Ni1 2.1216(16)Å N8 Ni1 2.1010(16)Å 
N13 Ni2 2.1004(18)Å N9 Ni1 2.1045(16)Å  
N15 Ni2 2.127(2)Å  N10 Ni1 2.1075(17)Å  
N14 Ni2 2.0924(18)Å N12 Ni1 2.1155(17)Å 
 
S1 C1 N1 178.9(2)°  S2 C2 N2 179.2(2)° 
S3 C3 N3 178.9(2)°  S4 C4 N4 179.10(19)
S5 C5 N5 178.77(19) S6 C6 N6 178.9(2)° 
C8 C7 N7 112.11(16) C18 C17 N12 179.7(2)° 
C7 C8 C9 115.41(18) C19 C20 N14 112.1(3)° 
C8 C9 N8 112.03(16) C22 C21 N14 111.6(2)° 
C11 C10 N8 108.78(16) C21 C22 C23 114.8(2)° 
C10 C11 N9 108.78(16) C22 C23 N13 113.1(2)° 
C13 C12 N9 112.27(18) C25 C24 N15 179.2(2)° 
C12 C13 C14 115.28(18) C2 N2 Mo1 169.28(16)
C13 C14 N10 112.46(18) C4 N4 Mo1 178.03(17)
C16 C15 N11 179.7(2)°  C6 N6 Mo1 175.08(17)
C20 C19 N13 108.6(3)°  C9 N8 Ni1 118.79(12)
N13 C19 O1 173.8(4)°  C11 N9 Ni1 106.57(12)
C1 N1 Mo1 171.07(18) C17 N12 Ni1 172.47(17)
C3 N3 Mo1 168.95(19) C19 N13 Ni2 101.34(18)
C5 N5 Mo1 179.40(17) C20 N14 Ni2 104.34(19)
C7 N7 Ni1 116.18(12) N1 Mo N2 88.69(7)° 
C9 N8 C10 111.10(15) N2 Mo N3 88.56(8)° 
C10 N8 Ni1 107.20(12) N2 Mo N4 92.43(7)° 
C11 N9 C12 111.70(16) N1 Mo N5 89.97(7)° 
C12 N9 Ni1 118.28(12) N3 Mo N5 90.22(8)° 
C14 N10 Ni1 118.09(13) N1 Mo N6 91.51(7)° 
C15 N11 Ni1 171.65(16) N3 Mo N6 178.43(7)° 
C19 N13 C23 112.4(2)°  N5 Mo N6 91.35(7)° 
C23 N13 Ni2 118.65(15) N7 Ni1 N9 174.35(7)° 
C20 N14 C21 118.5(2)°  N7 Ni1 N10 93.77(7)° 
C21 N14 Ni2 117.11(15) N9 Ni1 N10 91.85(7)° 
C24 N15 Ni2 173.17(17) N8 Ni1 N11 88.74(6)° 
N1 Mo N3 88.37(8)°  N10 Ni1 N11 90.46(7)° 
N1 Mo N4 178.60(8)° N8 Ni1 N12 90.94(7)° 
N3 Mo N4 90.81(7)°  N10 Ni1 N12 89.71(7)° 
N2 Mo N5 178.21(7)° N13 Ni2 N13 179.995° 
N4 Mo N5 88.89(7)° N13 Ni2 N14 88.52(8)° 
N2 Mo N6 89.88(7)° N13 Ni2 N14 91.48(8)° 
N4 Mo N6 89.34(7)° N13 Ni2 N15 91.13(7)° 
N7 Ni1 N8 90.73(6)° N14 Ni2 N15 90.61(8)° 
N8 Ni1 N9 83.65(6)° N13 Ni2 N15 88.87(7)° 
N8 Ni1 N10 175.42(7)° N14 Ni2 N15 89.39(8)° 
N7 Ni1 N11 89.51(6)° N15 Ni2 N15 179.995°  
N9 Ni1 N11 89.85(6)° N14 Ni2 N14 179.995°  
N7 Ni1 N12 92.35(7)° N13 Ni2 N15 88.87(7)° 
N9 Ni1 N12 88.27(7)° N14 Ni2 N15 89.39(8)° 
N11 Ni1 N12 178.12(7)° N13 Ni2 N15 91.13(7)° 
N13 Ni2 N14 91.48(8)° N14 Ni2 N15 90.61(8)° 
N13 Ni2 N14 88.52(8)°     
166 
 
Table B.4.6. Selected bond lengths and angles for 
[CoLN5(CH3CN)2][Mo(SCN)6][NEt4].2CH3CN, 6  
 
N6 C10 1.458(4)Å   N6 C9 1.465(4)Å 
N6 Co1 2.2399(19)Å  N6 H61 0.909Å  
N7 C12 1.132(2)Å   N7 Co1 2.1089(14)Å 
N8 C15 1.126(4)Å   N9 C16 1.454(4)Å  
N9 C16 1.454(4)Å   N9 C18 1.501(4)Å  
N9 C18 1.501(4)Å   N9 C19 1.515(4)Å 
N9 C19 1.515(4)Å   N9 C21 1.582(4)Å  
N9 C21 1.582(4)Å   C10 C10 1.472(8)Å  
C11 C7 1.498(3)Å   C16 C18 1.639(6)Å 
C12 C13 1.453(2)Å   C17 C18 1.520(5)Å  
C14 C15 1.442(5)Å   S1 C1 1.613(2)Å  
C16 C17 1.560(5)Å   S3 C3 1.611(2)Å 
C16 C19 1.619(6)Å   C2 N2 1.159(2)Å  
C18 C19 1.734(7)Å   C4 C5 1.360(4)Å  
C19 C20 1.641(5)Å   C6 N4 1.332(2)Å 
C20 C21 1.566(5)Å   C8 C9 1.495(5)Å  
S2 C2 1.6239(18)Å  N1 Mo1 2.0934(17)Å  
C1 N1 1.161(2)Å   N3 Mo1 2.0875(18)Å 
C3 N3 1.159(3)Å   N5 Co1 2.2464(17)Å  
C4 C5 1.360(4)Å   C8 N5 1.456(3)Å  
C5 C6 1.403(3)Å   N2 Mo1 2.1009(16)Å 
C6 C7 1.467(3)Å   N4 Co1 2.182(2)Å  
C7 N5 1.268(3)Å      
 
C10 N6 C9 114.8(2)°  C10 N6 Co1 111.88(17)° 
C9 N6 Co1 110.07(16)° C16 N9 C16 179.992° 
C12 N7 Co1 170.85(17)° C16 N9 C18 112.7(3)°  
C16 N9 C18 67.3(3)°  C16 N9 C18 67.3(3)°  
C16 N9 C18 112.7(3)°  C16 N9 C19 66.0(3)° 
C18 N9 C18 179.992°  C18 N9 C19 109.8(3)°  
C16 N9 C19 114.0(3)°  C16 N9 C19 114.0(3)°  
C18 N9 C19 70.2(3)°  C18 N9 C19 70.2(3)° 
C16 N9 C19 66.0(3)°  C19 N9 C19 179.992°  
C18 N9 C19 109.8(3)°  C16 N9 C21 71.0(3)°  
C16 N9 C21 109.0(3)°  C18 N9 C21 105.8(2)° 
C18 N9 C21 74.2(2)°  C16 N9 C21 71.0(3)°  
C19 N9 C21 75.1(2)°  C18 N9 C21 105.8(2)°  
C16 N9 C21 109.0(3)°  C19 N9 C21 104.9(2)° 
C18 N9 C21 74.2(2)°  C19 N9 C21 75.1(2)°  
C19 N9 C21 104.9(2)°  N6 C10 C10 107.6(2)°  
C21 N9 C21 179.993°  N7 C12 C13 178.9(2)° 
N8 C15 C14 178.5(4)°  N9 C16 C17 114.3(3)°  
N9 C16 C18 57.7(2)°  C17 C16 C18 56.7(3)°  
N9 C16 C19 58.8(2)°  C17 C16 C19 134.1(5)° 
C18 C16 C19 98.5(3)°  N9 C18 C17 114.0(3)°  
C16 C17 C18 64.3(2)°  N9 C18 C19 55.29(19)°  
N9 C18 C16 55.0(2)°  C17 C18 C19 132.2(3)° 
C16 C18 C17 59.1(2)°  N9 C19 C16 55.2(2)°  
C16 C18 C19 95.1(3)°  C16 C19 C18 94.3(3)°  
N9 C19 C18 54.5(2)°  C16 C19 C20 124.9(4)° 
N9 C19 C20 106.1(3)°  S2 C2 N2 179.39(17)°  
C18 C19 C20 116.1(3)°  C5 C4 C5 119.9(3)°  
C19 C20 C21 72.1(2)°  C5 C4 H41 120.035° 
N9 C21 C20 106.6(3)°  C5 C6 C7 124.3(2)°  
S1 C1 N1 179.36(17)°  C7 C6 N4 114.86(19)°  
S3 C3 N3 179.3(2)°   C11 C7 N5 126.1(3)°  
C4 C5 C6 119.1(3)°  C9 C8 N5 107.6(2)° 
C5 C6 N4 120.8(2)°   N6 C9 C8 108.30(19)°  
C11 C7 C6 119.6(2)°   C1 N1 Mo1 171.19(15)°  
C6 C7 N5 114.37(18)°  C3 N3 Mo1 169.10(17)° 
C2 N2 Mo1 175.22(15)°  C6 N4 Co1 119.90(13)°  
C6 N4 C6 120.2(3)°   C7 N5 C8 122.3(2)°  
C6 N4 Co1 119.90(13)°  C8 N5 Co1 117.12(17)° 
C7 N5 Co1 120.32(15)°  N1 Mo1 N2 88.80(6)°  
N1 Mo1 N1 87.96(9)°   N1 Mo1 N2 91.68(6)°  
N1 Mo1 N2 91.68(6)°  N2 Mo1 N2 179.33(9)° 
N1 Mo1 N2 88.80(6)°   N1 Mo1 N3 91.97(7)°  
N1 Mo1 N3 179.83(7)°   N2 Mo1 N3 88.48(7)°  
N2 Mo1 N3 91.04(6)°  N1 Mo1 N3 179.83(7)° 
N1 Mo1 N3 91.97(7)°   N2 Mo1 N3 91.04(6)°  
N2 Mo1 N3 88.48(7)°   N6 Co1 N6 74.28(12)°  
N3 Mo1 N3 88.11(10)°   N6 Co1 N7 95.27(7)° 
N6 Co1 N7 87.26(6)°   N6 Co1 N7 87.26(6)°  
N6 Co1 N7 95.27(7)°   N6 Co1 N4 142.86(6)°  
N7 Co1 N7 176.83(9)°   N7 Co1 N4 88.42(5)° 
N6 Co1 N4 142.86(6)°   N6 Co1 N5 72.71(8)°  
N7 Co1 N4 88.42(5)°   N7 Co1 N5 88.79(6)°  
N6 Co1 N5 146.49(8)°   N4 Co1 N5 70.33(5)° 
N7 Co1 N5 90.14(6)°   N6 Co1 N5 72.71(8)°  
N6 Co1 N5 146.49(8)°   N7 Co1 N5 88.79(6)°  
N7 Co1 N5 90.14(6)°  N5 Co1 N5 140.67(10)° 
N4 Co1 N5 70.33(5)°       
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5.1. INTRODUCTION 
Schiff-base ligands have been widely used as complexing agents for metal ions; their 
inner cavity with the [N2O2]-coordination set exhibits a marked affinity for p- and d- block 
metal elements. Chemical versatility for both of the precursors of the Schiff bases (i.e. amine 
and aldehyde compounds) and the quite easy preparation of these ligands have led to a 
plethora of derivatives.1, 2 Among them are the salicylaldimine derivatives with alkoxy groups 
in the 3- and 3’-position (Scheme 5.1), becoming then potentially bicompartmental ligands 
with an inner tetradentate compartment involving the two imine-N and the two phenoxo-O 
atoms, and an outer compartment with the four O atoms of the phenoxo and the alkoxy units 
acting as ligands. The larger [O2O2] coordination site has high affinity for alkali and 
lanthanide metal ions.3-6 For instance, 3d complexes of the 3-methoxysalicylaldimine 
bicompartmental Schiff base ligands have been used as metallo-ligands to form either discrete 
systems 3, 4, 7-9 or supramolecular architectures5, 10 when associated to alkali- or 4f-metal ions. 
Domains of interest for such compounds are mainly in the field of magnetic11, 12 or electric 
properties,9 and in crystal engineering.13-15  
We have been using such discrete bimetallic {3d-4f} complexes in association with 
paramagnetic cyanometallates to design heterotrimetallic {3d-4f-4(5)d} species with 
remarkable magnetic behaviors.16-19 In an extension of this work, we have been exploring the  
new magnetic linker, {Mo(NCS)6}3-,20 as shown in the previous chapters of this manuscript   
and came across rather unusual supramolecular organizations of Schiff-base {3d-K}+ adducts 
(3d = CuII, NiII) . This prompted us to explore the versatility of the association scheme of a 
metallo-ligand with K+ ions. 
The metal salicylaldimine ligands investigated in the present work are presented in 
Scheme 5.1. The efficiency of these bi-compartment complexes to act as metallo-ligands for 
alkali ions is already well documented but examples where the [O2O2] set is bridging K ions 
to develop extended architectures are very rare.5 We show here that the resulting organization 
is mainly governed by the charge and by the coordination features of the associated anion. 
Moreover, the nature of the alkali ion (Na/K) is of prime importance, the smaller Na+ being 
retained in the plane of the donor phenolic and methoxy oxygen atoms whereas K+ is 
sandwiched between two sets of Schiff base metallo-ligands allowing oligomerization of this 
motif. 
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Scheme 5.1 Chemical structures of L3CM (with M = Cu and Ni) (left) and L2CNi (right) 
 
5.2. EXPERIMENTAL SECTION 
All the reagents and solvents were purchased from commercial source. Prior to their 
use, solvents were refluxed and conditioned under an N2 atmosphere. The Mo starting 
materials K3[Mo(NCS)6]21 and (NEt4)3[Mo(NCS)6]22 were prepared as described in the 
literature. The Ni and Cu complexes of the two Schiff bases L3C and L2C were synthesized and 
checked as pure samples according to the published procedures.12, 23, 24 The procedures 
involving [Mo(NCS)6]3- were conducted under an inert atmosphere of nitrogen. Elemental C, 
H and N analyses were performed on a Perkin-Elmer 2400 II analyser on freshly prepared and 
isolated samples. IR spectra were recorded in the 4000-600 cm-1 region with a Perkin-Elmer 
Spectrum 100 FTIR using the ATR mode. Magnetic measurements down to 2 K were carried 
out with a Quantum Design MPMS-5S SQUID susceptometer. All magnetic investigations 
were performed on polycrystalline samples. For the susceptibility data an applied field of 
1000 Oe was used, and measurements have been done starting from 300 K in order to avoid 
any contribution from possible traces of O2. The molar susceptibility was corrected for the 
sample holder and for the diamagnetic contribution of all the atoms by using Pascal's tables. 
5.2.1. Synthesis of [K3(L3CNi)4{Mo(NCS)6}]n·6CH3CN, 1: K3[Mo(NCS)6] (50 mg; 0.089 
mmol) and KCF3SO3 (16.7 mg; 0.089 mmol) were dissolved in a mixture of CH3CN/H2O (v/v 
9/1 mL). A solution of L3CNi (76 mg; 0.178 mmol) in CH3CN (10 mL) was carefully layered 
on the top of the previous solution. The tube was stored at room temperature and brown 
crystals suitable for X-Ray diffraction appeared the next day.  
Yield: 82 mg (74%).  
IR (ν, cm-1): 3057 (w), 2955 (w), 2927 (w), 2835 (m), 2107 (w), 2058 (s), 1702 (m), 1614 (s), 
1548 (m), 1473 (s), 1444 (s), 1405 (w), 1390 (m), 1354 (w), 1313 (s), 1244 (s), 1229 (s), 1169 
(m), 1110 (m), 1069 (s), 979 (m), 961 (m), 858 (m), 780 (m), 733 (s). 
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Elemental analysis 
Calculated (found) % for C90H96K3MoN14Ni4O16S6.4CH3CN: C, 48.35 (48.03) %; H, 4.47 
(4.53) %; N, 10.36 (10.57) %.  
5.2.2. Synthesis of [K2(L3CNi)3(H2O)][Mo(NCS)6][NEt4]·4CH3CN·H2O, 2: A solution of 
L3CNi (50.4 mg; 0.118 mmol) in 10 mL CH3CN was carefully layered on the top of a solution 
of (NEt4)3[Mo(NCS)6] (50 mg; 0.059 mmol) and KCF3SO3 (11 mg; 0.059 mmol) in 
CH3CN/H2O (v/v 9/1 mL). After two days at room temperature, orange crystals suitable for 
X-Ray diffraction were collected by filtration.  
Yield: 55 mg (93%). 
IR (ν, cm-1): 2929 (w), 2056 (s), 1616 (s), 1549 (m), 1474 (s), 1445 (s), 1392 (m), 1316 (s), 
1243 (s), 1232 (s), 1268 (m), 1110 (w), 1070 (m), 965 (m), 859 (m), 823 (w), 780 (m), 734 
(s). 
Elemental analysis 
Calculated (found) % for C85H108K2MoN17Ni3O14S6: C, 48.59 (49.04) %; H, 4.93 (5.06) %; N, 
9.79 (10.19) %.  
5.2.3. Synthesis of [(L3CNi)2Na]2[Mo(NCS)6]NEt4, 3: A solution of L3CNi (100.8 mg; 0.236 
mmol) in 10 mL CH3CN was carefully layered on the top of the solution of 
(NEt4)3[Mo(NCS)6] (100 mg ; 0.118 mmol) and NaCF3SO3 (20.3 mg; 0.118 mmol) in 10 mL 
CH3CN . After two days, orange crystals suitable for X-Ray diffraction were collected by 
filtration.  
Yield: 90 mg (64%). 
IR (ν, cm-1): 3060 (w), 2953 (m), 2931 (m),  2867 (w),  2889 (w),  2056 (s), 1615 (s), 1549 
(m), 1472 (m), 1446 (s), 1434 (s), 1393 (m), 1367 (w), 1329 (m), 1309 (s), 1244 (s), 1226 (s), 
1192 (m), 1166 (s), 1114 (m), 1081 (s), 1072 (s), 984 (m), 957 (m), 901 (w),  856 (s),  830 
(w), 779 (m), 733 (s), 623 (m). 
Elemental analysis 
Calculated (found) % for C98H116MoN15Na2Ni4O16S6: C, 50.54 (50.74) %; H, 5.02 (4.75) %; 
N, 9.02 (8.95) %. 
5.2.4. Synthesis of [L3CCuK(NCS)]n, 4: A solution of KNCS (12 mg; 0.122 mmol) in 10 mL 
CH3CN was layered on top of a solution of L3CCu (53 mg; 0.122 mmol) in 15 mL CH3CN. 
After one day at room temperature, pale green crystals suitable for X-Ray diffraction were 
isolated by filtration.  
Yield: 45 mg (70%). 
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IR (ν, cm-1): 3229 (w), 3054 (w), 3013 (w), 2986 (w), 2958 (m), 2906 (m), 2833 (m), 2691 
(w), 2100 (w), 2055 (s), 2011 (w), 1881 (w), 1810 (w), 1737 (w), 1614 (s), 1598 (s), 1546 
(m), 1468 (s), 1446 (s), 1399 (m), 1387 (m),1365 (w), 1355 (w), 1330 (m), 1236 (s), 1216 (s), 
1199 (m), 1166 (m), 1119 (m), 1068 (s), 1021 (w), 983 (m), 968 (w), 958 (m), 935 (m), 901 
(w),  854 (m), 804 (w), 781 (m), 737 (s). 
Elemental analysis 
Calculated (found) % for C22H24KN3CuO4S: C, 49.94 (49.87) %; H, 4.57 (4.49) %; N, 7.94 
(7.94) %. 
5.2.5. Synthesis of [(L2CNi)2 KOH]·H2O, 5: To a solution of L2CNi (210 mg; 0.5 mmol) in 15 
mL Methanol was added solid KOH (80 mg; 1.4 mmol), which dissolved with stirring at 
room temperature. The filtered solution was kept undisturbed and red crystals appeared a few 
days later. 
Yield: 100 mg (44%).  
IR (ν, cm-1): 3390 (m), 2971 (m), 2940 (m), 2838 (w), 1869 (w), 1607 (s), 1546 (m), 1471 (s), 
1447 (s), 1395 (m), 1319 (s), 1247 (s), 1234 (s), 1187 (m), 1171 (m), 1108 (m), 1082 (m), 
1026 (w), 993 (m), 979 (m), 859 (m), 729 (s). 
Elemental analysis 
Calculated (found) % for C40H47KN4Ni2O10: C, 53.4 (53.0) %; H, 5.3 (5.1) %; N, 6.2. (6.0) %. 
 
5.2.6. Crystal structures determination. X-ray diffraction data for the crystals were 
collected at 180 K (1, 2, 3 and 4) or at 110 K (5) on a Apex2 Bruker diffractometer  using 
graphite-monochromated Mo Kα radiation source (λ = 0.71073Ǻ) and equipped with Oxford 
Cryosystems Cryostream Cooler Devices. Multiscan absorption corrections were applied. The 
structures were solved by direct methods using SIR9225 or SUPERFLIP,26 and refined by 
means of least-squares procedures on F using the programs of the PC version of 
CRYSTALS.27 Atomic scattering factors were taken from the International tables for X-ray 
crystallography.28 All non-hydrogen atoms were refined anisotropically, excepted for some 
solvent molecules or counter-ions. Hydrogen atoms were refined with riding constraints. 
Crystallographic and refinement data are given in Table 4.1. For compound 1 the CH3CN 
solvent is disordered. Refinement of the used model (one carbon and the nitrogen atom 
disordered over two positions [C(48) and C(480) for carbon, N(9) and N(90) for nitrogen)] led 
to a satisfactory solution with a 0.5:0.5 occupancy ratio. For compounds 2 and 3 the 
tetraethylammonium is disordered, the nitrogen atoms of the cations are on a special position, 
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i.e. mirror plane in 2 and twofold axis in 3. Each ethyl group is in half occupancy and the 
symmetry elements generate the four other ethyl groups. These moieties have been refined 
isotropically. For 5, K1 lies on a twofold axis. In the asymmetric unit O5 and O6 have been 
assigned respectively to an OH and a H2O with half-occupancy; their H atoms have not been 
located. 
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 1 2 3 4 5 
Formula C102H114K3MoN2
0Ni4O16S6 
C85H108K2MoN17
Ni3O14S6 
C98H116MoN15Na2N
i4O16S6 
C22H24KN3CuO4S C40H47KN4Ni2O
10 
FW 2516.62 2134.56 2329.25 529.16 900.36 
Crystal system Triclinic Monoclinic Monoclinic Orthorhombic Trigonal 
Crystal color brown orange orange green red 
Space group P-1 C 2/m C 1 2/C 1 P n m a P 32 2 1 
a /Å 14.1659(4) 23.3664(8) 23.489(1) 7.4030(5) 18.190(9) 
b /Å 15.1150(4) 37.452(2) 33.291(1) 16.486(1) 18.190(9) 
c /Å 15.5887(4) 12.1573(8) 15.1039(6) 18.034(1) 11.780(5) 
 /° 73.080(1) 90 90 90 90 
 /° 64.458(1) 105.626(6) 116.265(2) 90 90 
 /° 88.402(2) 90 90 90 120 
V /Å3 2862.8(1) 10246(1) 10591.7(8) 2201.0(2) 3376.0(3) 
Z 1 4 4 4 3 
T /K 180 180 180 180 110 
calcd /gcm-1 1.46 1.38 1.46 1.60 1.32 
 (Mo-K) /mm-1
F(000) 
Absorption 
correction 
Tmin 
Tmax 
1.040 
1301.00 
Multi-scan 
0.76 
0.81 
0.931 
4420.00 
Multi-scan 
0.82 
0.87 
1.009 
4836.00 
Multi-scan 
0.89 
0.95 
1.312 
1088.00 
Multi-scan 
0.83 
0.89 
0.985 
1401.00 
Multi-scan 
0.86 
0.95 
Index ranges -21 ≤ h ≤ 22 
-23 ≤ k ≤ 23 
-24 ≤ l ≤ 22 
-32 ≤ h ≤ 32 
-51 ≤ k ≤ 51 
-16 ≤ l ≤ 16 
-35 ≤ h ≤ 35 
-50 ≤ k ≤ 50 
-16 ≤ l ≤ 22 
-8 ≤ h ≤ 12 
-13 ≤ k ≤ 25 
-16 ≤ l ≤ 28 
-24 ≤ h ≤ 24 
-23 ≤ k ≤ 23 
-15 ≤ l ≤ 15 
Reflections 
collected 
81299 48950 142585 19159 65962 
Independent 
reflections (Rint) 
22734 (0.028) 14120 (0.075) 18759 (0.040) 4812 (0.031) 5715 (0.031) 
R1/wR2 0.0366/0.0386        
(I >3(I)) 
0.0639/0.0653         
(I>3(I)) 
0.0364/0.0392            
(I>3(I)) 
0.0292/0.0373               
(I  >3(I)) 
0.0437/0.0843      
(I >2(I)) 
R1/wR2 (all data) 0.0597/0.0809 0.1509/0.1563 0.0766/0.0830 0.0450/0.0459 0.0452/0.0847 
Table 5.1. Crystallographic and refinement data 
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5.3. RESULTS AND DISCUSSION 
The compounds 1-5 have been obtained by reacting the mono-metallated Schiff-base 
complexes (Scheme 5.1) with the alkali-ions Na+ or K+ in the presence of anions differing by 
their nature and/or charges; in one case an additional organic cation was involved. 
Compounds 1, [K3(L3CNi)4{Mo(NCS)6}]n, and 2, [K2(L3CNi)3(H2O)][Mo(NCS)6][NEt4], have 
been obtained from the reaction of L3CNi and K+ in the presence of the tri-anionic complex 
[Mo(NCS)6]3- performed with different metallo-ligand to K+ stoichiometries. A K+/L3CNi 
ratio of 2 selectively yielded 1 whereas a K+/L3CNi ratio of 1/3 led to 2. The two compounds 
exhibit a very similar sandwich-type assembling scheme between the metallo-ligands and the 
K+ ions but differ by the number of units forming the potassium clusters. 
Compound 1 consists of [K3(L3CNi)4]3+ aggregates where each K+ ion is linked to two L3CNi 
ligands, by the means of their oxygen atoms, in a double-decker –type arrangement (Figure 
5.1). Thus three K+ ion and four L3CNi metallo-ligands form a tri-cationic moiety. The upper 
and lower K ions of these aggregates are connected to two [Mo(NCS)6]3- anions by the S-
atom of a thiocyanato ligand and each [Mo(NCS)6]3- is coordinated to two [K3(L3CNi)4]3+ 
units, thus developing the 1-D organization shown in Figure 5.2 
Atom K(2) is nona-coordinated to four methoxy O- and four phenoxo O-atoms, and to one S 
atom from the the [Mo(NCS)6]3- anion. The K2-S1 bond length (3.575(1) Å) is longer than the 
K-O bond distances (see caption to Figure 5.1). These latter span from 2.651(2) (K2-O6 
phenoxo) to 2.972(2) (K2-O8 methoxy) for L3CNi(2) and from 2.736(1) (K2-O2 phenoxo) to 
3.454(2) (K2-O4 methoxy) for L3CNi(1) complex. Longer K-O bonds with the methoxy- 
versus phenoxo-oxygen have been observed earlier.29 As a result, the K+ ion lays 
unsymetrically between the two least-squares [O2O2] basal planes of the L3CNi complexes 
with 1.295 Å from the [O(1)O(2)O(3)O(4)] plane and 2.114 Å from the [O(5)O(6)O(7)O(8)] 
plane. This [(L3CNi)2K(2)] sub-unit is then bonded to K(1) atom (located on the inversion 
center) through four K-O bonds, those involving the methoxy moieties being the longer ones 
as it was already observed for K(2). By symmetry relation, it results the formation of an 
heptanuclear cationic species [K3(L3CNi)4]3+ (Figure 5.1) bound to two [Mo(NCS)6]3- anions, 
leading to the 1D organization shown in Figure 5.2. This compound crystallizes with six 
MeCN molecules in the lattice. 
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ion is found in octahedral environment in Schiff-bases with a C3 (propyl) chain linking the 
imino moieties.12, 16, 30, 31). A paramagnetic behavior is observed between 5 and 300 K with 
MT = 1.93 cm3mol-1K. This value is in agreement with the value anticipated (1.875 cm3mol-
1K) for a Mo(III) in octahedral geometry (i.e. with S = 3/2),20 and confirms the absence of 
contribution arising from the Ni(II) ions. This is also supported by the magnetization recorded 
at 2 K that tends to a saturation value of Ms = 3. 
 
Figure 5.3. Temperature dependence of MT and (insert) field dependence of the magnetization at 2 K for 
K3(L3cNi)4{Mo(NCS)6}]n6MeCN, 1. 
For compound 2, the assemblage scheme between K+ and L3CNi is reminiscent to that found 
in 1. It consists in two K+ ions sandwiched between three metallo-ligands forming a bicationic 
[K2(L3CNi)3(H2O)]2+ aggregate (Figure 5.3). This is associated to one [Mo(NCS)6]3- and one 
NEt4+ cation to form 2, together with four MeCN and one H2O in the crystal lattice. No 
linkage is found between the [K2(L3CNi)3(H2O)]2+and the [Mo(NCS)6]3- units. 
In [K2(L3CNi)3(H2O)]2+ (Figure 5.4), two crystallographically independent Ni ions occupy the 
[N2O2] cavity of L3C adopting a slight distorted square planar geometry as shown by the Ni-O 
bond distances  and the Ni-N bond distances. The potassium ion is sandwiched between a pair 
of mononuclear L3CNi resulting in the formation of a triple-decker system. The coordination 
spheres for K consist in four phenoxo-O atoms and four methoxy- O atoms with two sets of 
K1-O bond distances as found for 1. Two additional coordination sites are occupied by a 
MeCN and a H2O molecule that bridges the two K ions. 
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Figure 5.4. Perspective view of the triple decker [K2(L3CNi)3(MeCN)2]2+ aggregate in 2 (solvent molecules, 
NEt4+ and Mo(NCS)63- species have been omitted for clarity). Selected bond distances (Å): K1-O1, 2.967(4); 
K1-O2, 2.654 (3); K1-O3, 2.765(4); K1-O4, 2.828(4); K1-O5, 3.075(4); K1-O6, 2.831(4); K1-O7, 3.024(9); K1-
N9, 3.051(8); Ni1-O2, 1.833(4); Ni1-O3, 1.824(3); Ni1-N6, 1.851(5); Ni1-N7, 1.848(5); Ni2-O6, 1.835(4); Ni2-
N5, 1.848(4). Selected bond angles (°) : N6-Ni1-N5, 91.3 (2); O2-Ni1-O3, 83.5(2); O2-Ni1-N5, 92.7(2); O3-
Ni1-N6, 94.4 (2); N7-Ni2-N7, 90.1 (3); O6-Ni2-O6, 83.1(2); O6-Ni2-N7, 94.7(2). 
 
Despite very different initial conditions in the K+/metallo-ligand ratio for the synthesis of 1 
and 2, polycationic [{L3CNiK}n(L3CNi)]n+ aggregates are formed. The simple mono cation, 
[(L3CNi)2K]+ is not observed even when crystallization was performed in the presence of 
excess of ligand.  
The effect of diminishing the size of the metal ion was investigated by replacing KCF3SO3 by 
NaCF3SO3 as the source of the alkali metal ion, the stoichiometry of reagents remaining as for 
2. Changing the metal alkali to sodium resulted in the loss of the sandwich type structures 
found with K. [(L3CNi)2Na]2[Mo(NCS)6]NEt4, 3, is constituted by three cationic species; two 
are [(L3CNi)2Na]+ complexes and the third is NEt4+. The charge balance is assured by the 
anion [Mo(NCS)6]3-. As shown in Figure 5.5, the Na atom is eight coordinated with trigonal 
dodecahedron geometry, two neutral L3CNi units act as ligands. The Na resides in the two 
planes of the [O2O2]-cavity of the two Schiff bases (0.023 Å from [O(1)O(2)O(3)O(4)] and 
0.015 Å from [O(5)O(6)O(7)O(8)] mean planes). The dihedral angle between the two planes 
defined by the four O atoms of each Schiff base is 80.60(4)°. That suggests the almost 
perpendicular position of the two L3CNi units. A similar arrangement of two neutral Schiff 
base-Ni units around a Na atom has been reported earlier with a closely related Schiff-base 
ligand,5 and more recently also with the chiral N,N’-bis(3-methoxysalicylidene)-(1S,2S)-1,2-
diphenylenediamine Schiff base.9 This arrangement is reminiscent to that found in related Ln 
complexes.32-34 The comparison of the three structures of compounds 1, 2, and 3 illustrates the 
consequences of the coordination feature for these alkali-ions. Whereas the smaller Na+ ion 
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assembling scheme is very similar to that obtained with KI and a closely related Ni-Schiff-
base complex.5 For the latter, two K ions are bridged by an I- atom within a double-decker 
unit, as a result the distances between the K ions (3.487 Å and 3.567 Å) is slightly shorter 
than that found for compound 4 (3.719(1) Å). 
 
Figure 5.8. Perspective view of [(L2CNi)2KOH] in 5 with the two positions of the hydroxo ligand (symmetry 
code: *, x,y,1-z; the H2O molecules in crystal lattice has been omitted for clarity, the H on O5 could not be 
localized by Fourrier-difference). Selected bond distances (Å): K-O1, 2.934(7); K-O2, 2.741(5); K-O3, 3.189(7), 
K-O4, 2.886(4); K-O5, 2.96(2); Ni-O1, 1.844(5); Ni-O2, 1.834(5); Ni-N1, 1.833(7); Ni-N2, 1.823(7). Selected 
bond angles (°): O1-Ni-O2, 84.4(2); N1-Ni-N2, 84.4(4); O1-Ni-N1, 96.1(3); O2-Ni-N2, 95.1(3). 
 
Compound 5, [(L2CNi)2KOH], was formed by reacting the Schiff-base complex L2CNi with 
KOH in MeOH. It consists in a sandwich complex of KOH with two metallo-ligands (Figure 
5.8). The potassium atom exhibits nine ligands in its coordination sphere, four phenoxo-O 
atoms, four methoxy-O atoms, and one hydroxo groups (K-O5) disordered over two positions 
with occupancies of 0.5. As previously mentioned in this work and in the literature, the K-
O(methoxy) bond distances (K-O3) are longer than the K-O(phenoxo) bond distances (K-O1, 
K-O2). The K atom, sandwiched between the two L2CNi, stands 1.561 Å from the [O2O2] 
mean planes of two metallo-ligand units. 
A remarkable feature for compound 5 is found in its crystal packing that exhibits an open 
framework structure. A view down c-axis (Figure 5.9) reveals triangular shaped channels in 
which H2O molecules are located. It can be noticed that the hydroxo-groups of the KOH 
moieties are located on the walls of the channels. The separation of 8.92Å (6.21 Å taking into 
account the van der Walls radii) between the hydroxo O(5) and the atom in front of it across 
the cavity, H(111), gives an idea of the size of the aperture. These channels endow this solid 
with a potential solvent accessible void volume of 19.8 % (i.e. 667 Å3) of the cell volume.35 
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very simple coordination chemistry might be a valuable possibility to organize Schiff-base 
complexes to reach electronic or optical properties that necessitate specific layouts. 
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B: Selected bond lengths and bond angles 
 
Table B.5.1. Selected bond lengths and bond angles for [K3(L3CNi)4{Mo(NCS)6}]n, 1 
 
Mo1 N1 2.0982(18)Å  Mo1 N1 2_647 2.0982(18)Å  
Mo1 N2 2.0996(19)Å  Mo1 N2 2_647 2.0996(19)Å  
Mo1 N3 2.1053(19)Å  Mo1 N3 2_647 2.1053(19)Å  
Ni1 N4 1.8694(17)Å  Ni1 N5 1.8658(17)Å  
Ni1 O2 1.8550(14)Å  Ni1 O3 1.8484(14)Å  
Ni2 N6 1.8655(16)Å  Ni2 N7 1.8712(16)Å  
Ni2 O6 1.8526(14)Å  Ni2 O7 1.8578(14)Å  
C1 N1 1.158(3)Å   C1 S1 1.623(2)Å  
C2 N2 1.158(3)Å   C2 S2 1.623(3)Å  
C3 N3 1.164(3)Å   C3 S3 1.624(2)Å  
C4 O1 1.431(3)Å   C4 H41 0.957Å  
C4 H43 0.972Å   C4 H42 0.965Å  
C5 C6 1.379(3)Å   C5 C10 1.420(3)Å  
C5 O1 1.372(3)Å   C6 C7 1.403(3)Å  
C6 H61 0.941Å   C7 C8 1.360(4)Å  
C7 H71 0.943Å   C8 C9 1.415(3)Å  
C8 H81 0.941Å   C9 C10 1.409(3)Å  
C9 C11 1.432(3)Å   C10 O2 1.318(2)Å  
C11 N4 1.292(3)Å   C11 H111 0.942Å  
C12 C67 1.532(3)Å   C12 N4 1.472(3)Å  
C12 H121 0.981Å   C12 H122 0.977Å  
C13 C67 1.531(3)Å   C13 N5 1.472(3)Å  
C13 H132 0.954Å   C13 H131 0.974Å  
C14 C15 1.436(3)Å   C14 N5 1.290(3)Å  
C14 H141 0.940Å   C15 C16 1.411(3)Å  
C15 C20 1.411(3)Å   C16 C17 1.366(3)Å  
C16 H161 0.946Å   C17 C18 1.406(3)Å  
C17 H171 0.948Å   C18 C19 1.376(3)Å  
C18 H181 0.939Å   C19 C20 1.426(3)Å  
C19 O4 1.367(2)Å   C20 O3 1.312(2)Å  
C21 O4 1.432(2)Å   C21 H211 0.968Å  
C21 H213 0.949Å   C21 H212 0.979Å  
C22 C67 1.531(4)Å   C22 H221 0.947Å  
C22 H223 0.945Å   C22 H222 0.973Å  
C23 C67 1.532(4)Å   C23 H231 0.950Å  
C23 H232 0.986Å   C23 H233 0.982Å  
C24 O5 1.428(3)Å   C24 H242 0.968Å  
C24 H241 0.980Å   C24 H243 0.986Å  
C25 C26 1.380(3)Å   C25 C30 1.425(3)Å  
C25 O5 1.373(3)Å   C26 C27 1.398(4)Å  
C26 H261 0.937Å  C27 C28 1.372(3)Å  
C27 H271 0.937Å  C29 C30 1.409(3)Å  
C29 C31 1.432(3)Å  C29 C28 1.409(3)Å  
C30 O6 1.313(2)Å  C31 N6 1.289(3)Å  
C31 H311 0.952Å  C32 C33 1.533(3)Å  
C32 N6 1.471(2)Å  C32 H321 0.985Å  
C32 H322 0.971Å  C33 C34 1.531(3)Å  
C33 C43 1.528(3)Å  C33 C44 1.531(3)Å  
C34 N7 1.474(3)Å  C34 H341 0.981Å  
C34 H342 0.974Å  C35 C36 1.433(3)Å  
C35 N7 1.288(2)Å  C35 H351 0.948Å  
C36 C37 1.408(3)Å  C36 C41 1.413(3)Å  
C37 C38 1.365(3)Å  C37 H371 0.954Å  
C38 C39 1.403(3)Å  C38 H381 0.954Å  
C39 C40 1.379(3)Å  C39 H391 0.946Å  
C40 C41 1.423(3)Å  C40 O8 1.376(2)Å  
C41 O7 1.313(2)Å  C42 O8 1.431(3)Å  
C42 H422 0.974Å  C42 H421 0.971Å  
C42 H423 0.984Å  C43 H432 0.956Å  
C43 H431 0.968Å  C43 H433 0.971Å  
C44 H442 0.954Å  C44 H441 0.965Å  
C44 H443 0.965Å  C45 C46 1.458(4)Å  
C45 H451 0.944Å  C45 H452 0.951Å  
C45 H453 0.958Å  C46 N8 1.137(4)Å  
C49 C50 1.428(5)Å  C49 H491 0.968Å  
C49 H493 0.970Å  C49 H492 0.968Å  
C50 N10 1.118(5)Å  C28 H281 0.962Å  
C47 C48 1.430(6)Å  C47 C480 1.413(6)Å  
C47 H474 0.921Å  C47 H473 0.939Å  
C47 H475 0.935Å  C47 H472 0.942Å  
C47 H471 0.926Å  C47 H476 0.929Å  
C48 C480 0.302Å  C48 N9 1.158(6)Å  
C48 N90 1.199(6)Å  C480 N9 1.264(7)Å  
C480 N90 1.132(6)Å  N9 N90 0.682Å  
H474 H471 0.622Å  H473 H472 0.616Å  
H475 H476 0.499Å     
 
N1 Mo1 N1 2_647 179.995°   N1 Mo1 N2 91.24(7)°  
N1 
2_647 Mo1 N2 88.76(7)°   N1 Mo1 
N2 
2_647 88.76(7)°  
N1 
2_647 Mo1
N2 
2_647 91.24(7)°   N2 Mo1 
N2 
2_647 179.995°  
N1 Mo1 N3 91.36(7)°   N1 Mo1 N3 88.64(7)°  
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2_647 
N2 Mo1 N3 91.20(7)°   N2 2_647 Mo1 N3 88.80(7)°  
N1 Mo1 N3 2_647 88.64(7)°   
N1 
2_647 Mo1 
N3 
2_647 91.36(7)°  
N2 Mo1 N3 2_647 88.80(7)°   
N2 
2_647 Mo1 
N3 
2_647 91.20(7)°  
N3 Mo1 N3 2_647 179.995°   N4 Ni1 N5 91.17(8)°  
N4 Ni1 O2 94.24(7)°   N5 Ni1 O2 167.07(7)° 
N4 Ni1 O3 168.71(7)°  N5 Ni1 O3 93.61(7)°  
O2 Ni1 O3 83.26(6)°   N6 Ni2 N7 90.41(7)°  
N6 Ni2 O6 92.70(7)°   N7 Ni2 O6 168.12(7)° 
N6 Ni2 O7 167.03(7)°  N7 Ni2 O7 94.62(7)°  
O6 Ni2 O7 84.80(6)°   N1 C1 S1 178.0(2)°  
N2 C2 S2 179.7(2)°   N3 C3 S3 179.0(2)°  
O1 C4 H41 107.553°   O1 C4 H43 108.492°  
H41 C4 H43 109.460°   O1 C4 H42 110.021°  
H41 C4 H42 110.879°   H43 C4 H42 110.360°  
C6 C5 C10 121.1(2)°   C6 C5 O1 124.5(2)°  
C10 C5 O1 114.41(17)°  C5 C6 C7 120.2(2)°  
C5 C6 H61 120.521°   C7 C6 H61 119.237°  
C6 C7 C8 119.9(2)°   C6 C7 H71 120.061°  
C8 C7 H71 120.036°   C7 C8 C9 121.0(2)°  
C7 C8 H81 120.587°   C9 C8 H81 118.391°  
C8 C9 C10 119.9(2)°   C8 C9 C11 119.2(2)°  
C10 C9 C11 120.68(19)°  C5 C10 C9 117.68(18)° 
C5 C10 O2 118.17(17)°  C9 C10 O2 124.14(19)° 
C9 C11 N4 125.66(19)°  C9 C11 H111 117.315°  
N4 C11 H111 116.965°   C67 C12 N4 112.75(18)° 
C67 C12 H121 108.864°   N4 C12 H121 107.342°  
C67 C12 H122 110.086°   N4 C12 H122 109.583°  
H121 C12 H122 108.069°   C67 C13 N5 112.59(17)° 
C67 C13 H132 109.518°   N5 C13 H132 107.893°  
C67 C13 H131 108.613°   N5 C13 H131 107.265°  
H132 C13 H131 110.959°   C15 C14 N5 125.38(19)° 
C15 C14 H141 116.868°   N5 C14 H141 117.674°  
C14 C15 C16 119.28(19)°  C14 C15 C20 119.93(18)° 
C16 C15 C20 120.33(19)°  C15 C16 C17 120.2(2)°  
C15 C16 H161 119.049°   C17 C16 H161 120.694°  
C16 C17 C18 120.5(2)°   C16 C17 H171 119.481°  
C18 C17 H171 119.965°   C17 C18 C19 120.2(2)°  
C17 C18 H181 119.615°   C19 C18 H181 120.228°  
C18 C19 C20 120.73(19)°  C18 C19 O4 125.50(19)° 
C20 C19 O4 113.77(17)°  C15 C20 C19 117.86(17)° 
C15 C20 O3 124.37(18)°  C19 C20 O3 117.68(17)° 
O4 C21 H211 109.703°   O4 C21 H213 107.082°  
H211 C21 H213 110.394°   O4 C21 H212 109.026°  
H211 C21 H212 111.052°   H213 C21 H212 109.490°  
C67 C22 H221 110.389°   C67 C22 H223 108.044°  
H221 C22 H223 108.814°   C67 C22 H222 110.462°  
H221 C22 H222 110.921°   H223 C22 H222 108.121°  
C67 C23 H231 107.685°   C67 C23 H232 108.673°  
H231 C23 H232 110.496°   C67 C23 H233 109.833°  
H231 C23 H233 111.026°   H232 C23 H233 109.088°  
O5 C24 H242 107.982°   O5 C24 H241 110.122°  
H242 C24 H241 108.499°   O5 C24 H243 109.781°  
H242 C24 H243 109.884°   H241 C24 H243 110.522°  
C26 C25 C30 120.8(2)°   C26 C25 O5 125.42(19)° 
C30 C25 O5 113.74(17)°  C25 C26 C27 120.7(2)°  
C25 C26 H261 118.900°   C27 C26 H261 120.416°  
C26 C27 C28 119.8(2)°   C26 C27 H271 119.444°  
C28 C27 H271 120.719°   C30 C29 C31 119.63(18)° 
C30 C29 C28 120.70(19)°  C31 C29 C28 119.3(2)°  
C25 C30 C29 117.44(18)°  C25 C30 O6 117.84(18)° 
C29 C30 O6 124.70(18)°  C29 C31 N6 124.98(19)° 
C29 C31 H311 117.318°   N6 C31 H311 117.627°  
C33 C32 N6 112.27(16)°  C33 C32 H321 108.524°  
N6 C32 H321 107.118°   C33 C32 H322 109.430°  
N6 C32 H322 109.913°   H321 C32 H322 109.527°  
C32 C33 C34 109.25(15)°  C32 C33 C43 108.68(17)° 
C34 C33 C43 110.16(18)°  C32 C33 C44 109.46(18)° 
C34 C33 C44 108.90(18)°  C43 C33 C44 110.37(19)° 
C33 C34 N7 112.40(16)°  C33 C34 H341 109.252°  
N7 C34 H341 109.567°   C33 C34 H342 110.345°  
N7 C34 H342 106.909°   H341 C34 H342 108.265°  
C36 C35 N7 125.74(17)°  C36 C35 H351 117.105°  
N7 C35 H351 117.109°   C35 C36 C37 117.77(18)° 
C35 C36 C41 120.98(17)°  C37 C36 C41 120.99(19)° 
C36 C37 C38 120.3(2)°   C36 C37 H371 118.820°  
C38 C37 H371 120.858°   C37 C38 C39 120.0(2)°  
C37 C38 H381 120.731°   C39 C38 H381 119.256°  
C38 C39 C40 120.7(2)°   C38 C39 H391 119.448°  
C40 C39 H391 119.902°   C39 C40 C41 120.86(19)° 
C39 C40 O8 124.18(19)°  C41 C40 O8 114.96(17)° 
C36 C41 C40 117.15(17)°  C36 C41 O7 124.34(18)° 
C40 C41 O7 118.49(17)°  O8 C42 H422 110.230°  
O8 C42 H421 106.918°   H422 C42 H421 108.943°  
O8 C42 H423 109.060°   H422 C42 H423 112.047°  
H421 C42 H423 109.507°   C33 C43 H432 109.551°  
C33 C43 H431 109.095°   H432 C43 H431 111.188°  
C33 C43 H433 108.988°   H432 C43 H433 109.832°  
H431 C43 H433 108.145°   C33 C44 H442 110.163°  
C33 C44 H441 109.189°   H442 C44 H441 110.642°  
C33 C44 H443 110.348°   H442 C44 H443 107.110°  
H441 C44 H443 109.369°   C46 C45 H451 108.106°  
C46 C45 H452 108.952°   H451 C45 H452 109.987°  
C46 C45 H453 108.414°   H451 C45 H453 110.190°  
H452 C45 H453 111.117°   C45 C46 N8 179.6(3)°  
C50 C49 H491 109.922°   C50 C49 H493 108.243°  
H491 C49 H493 109.878°   C50 C49 H492 110.339°  
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H491 C49 H492 107.325°   H493 C49 H492 111.135°  
C49 C50 N10 178.7(6)°   C12 C67 C13 109.57(17)° 
C12 C67 C22 110.5(2)°   C13 C67 C22 108.3(2)°  
C12 C67 C23 108.3(2)°   C13 C67 C23 109.9(2)°  
C22 C67 C23 110.3(2)°   Mo1 N1 C1 175.22(18)° 
Mo1 N2 C2 175.1(2)°   Mo1 N3 C3 174.78(17)° 
Ni1 N4 C11 125.21(15)°  Ni1 N4 C12 115.66(15)° 
C11 N4 C12 118.75(18)°  Ni1 N5 C13 115.04(15)° 
Ni1 N5 C14 125.76(15)°  C13 N5 C14 118.76(18)° 
Ni2 N6 C31 126.14(14)°  Ni2 N6 C32 114.76(12)° 
C31 N6 C32 118.87(17)°  Ni2 N7 C34 116.29(13)° 
Ni2 N7 C35 125.42(14)°  C34 N7 C35 117.96(16)° 
C4 O1 C5 116.21(16)°  Ni1 O2 C10 125.50(13)° 
Ni1 O3 C20 126.09(12)°  C19 O4 C21 116.08(17)° 
C24 O5 C25 116.52(18)°  Ni2 O6 C30 124.93(13)° 
Ni2 O7 C41 126.17(12)°  C40 O8 C42 115.99(17)° 
C27 C28 C29 120.5(2)°   C27 C28 H281 120.041°  
C29 C28 H281 119.468°   C48 C47 C480 12.19(5)°  
C48 C47 H474 110.524°   C480 C47 H474 98.896°  
C48 C47 H473 109.570°   C480 C47 H473 118.496°  
H474 C47 H473 109.491°   C48 C47 H475 109.171°  
C480 C47 H475 111.429°   H474 C47 H475 109.823°  
H473 C47 H475 108.224°   C48 C47 H472 97.221°  
C480 C47 H472 109.384°   H474 C47 H472 144.833°  
H473 C47 H472 38.193°   H475 C47 H472 79.251°  
C48 C47 H471 117.002°   C480 C47 H471 110.590°  
H474 C47 H471 39.383°   H473 C47 H471 71.018°  
H475 C47 H471 131.150°   C48 C47 H476 114.380°  
C480 C47 H476 109.708°   H474 C47 H476 79.866°  
H473 C47 H476 127.945°   H475 C47 H476 31.007°  
H472 C47 H471 108.762°   H472 C47 H476 108.470°  
H471 C47 H476 109.888°   C47 C48 C480 80.6(2)°  
C47 C48 N9 175.6(6)°   C480 C48 N9 103.7(4)°  
C47 C48 N90 150.8(6)°   C480 C48 N90 70.2(4)°  
N9 C48 N90 33.57(17)°   C47 C480 C48 87.2(3)°  
C47 C480 N9 150.0(6)°   C48 C480 N9 62.9(4)°  
C47 C480 N90 177.5(6)°   C48 C480 N90 95.3(5)°  
N9 C480 N90 32.45(18)°   C48 N9 C480 13.44(9)°  
C48 N9 N90 76.5(4)°   C480 N9 N90 63.1(4)°  
C48 N90 C480 14.55(9)°   C48 N90 N9 69.9(4)°  
C480 N90 N9 84.5(5)°   C47 H474 H471 70.766°  
C47 H473 H472 71.179°   C47 H475 H476 73.838°  
C47 H472 H473 70.628°   C47 H471 H474 69.851°  
C47 H476 H475 75.155°       
 
 191 
 
Table B.5.2. Selected bond lengths and bond angles for 
[K2(L3CNi)3(H2O)][Mo(NCS)6][NEt4], 2 
 
Mo1 N1 2.071(6)Å   Mo1 N1 6 565 2.071(6)Å 
Mo1 N2 2.012(15)Å  Mo1 N3 2.074(6)Å 
Mo1 N3 6_565 2.074(6)Å   Mo1 N4 2.099(14)Å 
Ni1 N5 1.848(4)Å   Ni1 N6 1.851(5)Å 
Ni1 O2 1.833(4)Å   Ni1 O3 1.824(3)Å 
Ni2 N7 1.848(4)Å   Ni2 N7 5_655 1.848(4)Å 
Ni2 O6 1.835(4)Å   Ni2 O6 5_655 1.835(4)Å 
C1 N1 1.151(8)Å   C1 S1 1.598(7)Å 
C2 N2 1.13(2)Å   C2 S2 1.64(2)Å 
C3 N3 1.143(9)Å   C3 S3 1.610(8)Å 
C4 N4 1.132(16)Å  C4 S4 1.621(17)Å 
C5 O1 1.416(8)Å   C6 C11 1.413(8)Å 
C6 C7 1.353(8)Å   C7 C8 1.394(10)Å 
C6 O1 1.354(7)Å   C8 C9 1.348(10)Å 
C10 C12 1.418(9)Å   C9 C10 1.391(8)Å 
C12 N5 1.264(7)Å   C10 C11 1.400(8)Å 
C13 C14 1.519(8)Å   C11 O2 1.293(6)Å 
C14 C15 1.508(8)Å   C13 N5 1.452(7)Å 
C14 C25 1.510(9)Å   C14 C24 1.516(8)Å 
C16 C17 1.418(8)Å   C15 N6 1.466(7)Å 
C17 C22 1.403(8)Å   C16 N6 1.272(7)Å 
C21 O4 1.361(7)Å   C17 C18 1.383(8)Å 
C23 O4 1.413(7)Å  C18 C19 1.356(9)Å 
C26 O5 1.418(8)Å  C19 C20 1.370(10)Å 
C27 C28 1.367(8)Å  C20 C21 1.365(8)Å 
C27 O5 1.362(8)Å  C21 C22 1.408(7)Å 
C31 C33 1.418(9)Å  C22 O3 1.294(6)Å 
C33 N7 1.278(7)Å  C27 C32 1.408(8)Å 
C34 C35 1.513(7)Å  C28 C29 1.393(10)Å 
C35 C36 1.509(9)Å  C29 C30 1.338(10)Å 
C39 C40 1.422(17)Å  C30 C31 1.395(8)Å 
C40 N9 1.076(11)Å  C31 C32 1.377(8)Å 
C41 C42 1.40(3)Å  C32 O6 1.302(6)Å 
C42 C44 0.87(4)Å  C34 N7 1.453(7)Å 
C43 C43 1.5186(7)Å  C35 C36 1.509(9)Å 
C43 C45 1.57(4)Å  C37 C38 1.411(16)Å
C45 C45 1.3662(7)Å  C38 N8 1.075(13)Å
C45 N10 1.49(3)Å  C41 C41 1.5424(7)Å
C46 C48 0.81(4)Å  C41 N10 1.47(2)Å
C47 C47 1.1524(7)Å  C43 C44 1.53(2)Å 
C47 N10 1.48(2)Å  C43 N10 1.44(2)Å 
C47 C48 1.45(2)Å  C45 C46 1.60(3)Å
 
N1 Mo1 N1 89.2(3)°  N1 Mo N2 89.2(3)° 
N1 Mo1 N2 89.2(3)°  N1 Mo N3 179.2(3)° 
N1 Mo1 N3 91.3(2)°  N2 Mo N3 90.2(3)° 
N1 Mo1 N3 91.3(2)°  N1 Mo N3 179.2(3)° 
N2 Mo1 N3 90.2(3)°  N3 Mo N3 88.2(3)° 
N1 Mo1 N4 88.5(3)°  N1 Mo N4 88.5(3)° 
N2 Mo1 N4 176.8(4)  N3 Mo N4 92.1(3)° 
N3 Mo1 N4 92.1(3)°  N5 Ni1 N6 91.31(19)° 
N5 Ni1 O2 92.75(18  N6 Ni1 O2 169.24(18)° 
N5 Ni1 O3 168.09(1  N6 Ni1 O3 94.44(18)° 
O2 Ni1 O3 83.46(16  N7 Ni2 N7 90.1(3)° 
N7 Ni2 O6 94.68(18  N7 Ni2 O6 167.21(18)° 
N7 Ni2 O6 167.21(1  N7 Ni2 O6 94.68(18)° 
O6 Ni2 O6 83.1(2)°  N1 C1 S1 179.5(6)° 
N2 C2 S2 179.5(17  N3 C3 S3 178.0(9)° 
N4 C4 S4 178.5(12  C7 C6 C1 120.9(6)° 
C7 C6 O1 125.4(6)  C11 C6 O1 113.7(5)° 
C6 C7 C8 121.3(7)  C7 C8 C9 118.9(6)° 
C8 C9 C10 121.3(6)  C9 C1 C1 120.6(6)° 
C9 C10 C12 120.2(5)  C11 C1 C1 119.0(5)° 
C6 C11 C10 116.9(5)  C6 C1 O2 118.5(5)° 
C10 C11 O2 124.5(5)  C10 C1 N5 126.1(5)° 
C14 C13 N5 112.5(4)  C13 C1 C2 108.9(5)° 
C13 C14 C15 110.1(5)  C13 C1 C2 108.4(5)° 
C15 C14 C24 107.9(5)  C24 C1 C2 110.3(5)° 
C15 C14 C25 111.3(5)  C16 C1 C1 119.2(6)° 
C14 C15 N6 113.3(4)  C18 C1 C2 120.7(5)° 
C17 C16 N6 126.7(5)  C18 C1 C2 119.5(6)° 
C16 C17 C22 119.9(5)  C20 C2 C2 120.8(6)° 
C17 C18 C19 120.9(6)  C22 C2 O4 113.7(5)° 
C19 C20 C21 121.2(6)  C17 C2 O3 124.3(5)° 
C20 C21 O4 125.5(5)  C28 C2 C3 120.6(6)° 
C17 C22 C21 116.8(5)  C32 C2 O5 114.4(5)° 
C21 C22 O3 118.8(5)  C28 C2 C3 120.1(6)° 
C28 C27 O5 125.0(6)  C30 C3 C3 121.5(6)° 
C27 C28 C29 120.3(6)  C32 C3 C3 120.4(5)° 
C29 C30 C31 120.1(6)  C27 C3 O6 117.3(5)° 
C30 C31 C33 117.8(6)  C31 C3 N7 125.9(5)° 
C27 C32 C31 117.3(5)  C34 C3 C3 109.3(4)° 
C31 C32 O6 125.4(5)  C34 C3 C3 108.8(4)° 
C35 C34 N7 113.1(4)  C36 C3 C3 112.1(9)° 
C34 C35 C34 108.5(7)  C39 C4 N9 177.1(12)° 
C34 C35 C36 108.8(4)  Mo1 N2 C2 168.6(13)° 
C34 C35 C36 109.3(4)  Mo1 N4 C4 170.7(10)° 
C37 C38 N8 174.7(15  Ni1 N5 C1 115.4(4)° 
Mo1 N1 C1 176.1(5)  Ni1 N6 C1 116.0(4)° 
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Mo1 N3 C3 174.7(6)  C15 N6 C1 118.2(5)° 
Ni1 N5 C12 125.8(4)  Ni2 N7 C3 115.9(4)° 
C12 N5 C13 118.4(5)  C5 O1 C6 116.7(5)° 
Ni1 N6 C16 125.1(4)  Ni1 O3 C2 127.1(3)° 
Ni2 N7 C33 124.6(4)  C26 O5 C2 116.1(5)° 
C33 N7 C34 119.1(5)  C41 C4 C4 133.6(17)° 
Ni1 O2 C11 125.3(4)  C42 C4 N1 115(2)° 
C21 O4 C23 115.9(5)  C41 C4 C4 126(4)° 
Ni2 O6 C32 124.2(4)  C43 C4 C4 87.22(7)° 
C41 C41 N10 58.4(6)°  C43 C4 N1 58.2(5)° 
C43 C43 C44 137.6(12  C45 C4 N1 59.4(12)° 
C44 C43 C45 132.5(13  C42 C4 C4 95(3)° 
C44 C43 N10 123.6(19  C43 C4 C4 126(2)° 
C43 C45 C45 92.78(7)  C43 C4 N1 56.0(13)° 
C45 C45 C46 130.3(16  C46 C4 N1 111(2)° 
C45 C45 N10 62.8(5)°  C45 C4 C4 106(4)° 
C47 C47 C48 137.0(12  C47 C4 N1 67.1(4)° 
C48 C47 N10 113.3(19  C41 N1 C4 63.2(11)° 
C46 C48 C47 120(4)°   C41 N1 C4 79.8(14)° 
C41 N10 C43 112.0(16  C41 N1 C4 112.0(16)° 
C41 N10 C43 79.8(14)  C41 N1 C4 120.8(8)° 
C43 N10 C43 63.6(10)  C43 N1 C4 93.0(14)° 
C41 N10 C45 172.8(16  C41 N1 C4 172.8(16)° 
C43 N10 C45 64.6(14)  C43 N1 C4 64.6(14)° 
C41 N10 C45 120.8(8)  C45 N1 C4 54.4(10)° 
C43 N10 C45 93.0(14)  C41 N1 C4 77.6(15)° 
C41 N10 C47 101.2(16  C43 N1 C4 169.1(11)° 
C43 N10 C47 124.8(6)  C41 N1 C4 77.6(15)° 
C45 N10 C47 106.4(17  C43 N1 C4 169.1(11)° 
C41 N10 C47 101.2(16  C45 N1 C4 85.8(16)° 
C43 N10 C47 124.8(6)  C45 N1 C4 106.4(17)° 
C45 N10 C47 85.8(16)  C47 N1 C4 45.9(7)° 
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Table B.5.3. Selected bond lengths and bond angles for [(L3CNi)2Na]2[Mo(NCS)6] NEt4, 3 
 
 
Mo1 N1 2.104(2)Å  Mo1 N1 2.104(2)Å 
Mo1 N2 2.109(2)Å  Mo1 N2 2.109(2)Å 
Mo1 N3 2.0905(19)Å Mo1 N3 2.0905(19)Å 
Ni1 N4 1.8614(16)Å Ni1 N5 1.8667(16)Å 
Ni1 O2 1.8522(14)Å Ni1 O3 1.8443(14)Å 
Ni2 N6 1.868(2)Å  Ni2 N7 1.8626(18)Å 
Ni2 O6 1.8467(14)Å Ni2 O7 1.8655(15)Å 
C1 N1 1.163(3)Å  C1 S1 1.630(3)Å 
C2 N2 1.166(3)Å  C2 S2 1.623(2)Å 
C3 N3 1.155(3)Å  C3 S3 1.616(2)Å 
C4 O1 1.431(3)Å  C5 C10 1.423(3)Å 
C5 C6 1.381(3)Å  C6 C7 1.395(4)Å 
C5 O1 1.368(3)Å  C7 C8 1.364(4)Å 
C9 C11 1.435(3)Å  C8 C9 1.413(3)Å 
C11 N4 1.290(3)Å  C9 C10 1.405(3)Å 
C12 C13 1.530(3)Å  C10 O2 1.317(2)Å 
C13 C14 1.535(3)Å  C12 N4 1.472(3)Å 
C13 C24 1.528(3)Å  C13 C23 1.526(3)Å 
C15 C16 1.433(3)Å  C14 N5 1.475(3)Å 
C16 C21 1.404(3)Å  C15 N5 1.292(3)Å 
C20 O4 1.368(3)Å  C16 C17 1.413(3)Å 
C22 O4 1.422(3)Å  C17 C18 1.367(4)Å 
C25 O5 1.425(3)Å  C18 C19 1.403(4)Å 
C26 C27 1.374(4)Å  C19 C20 1.376(3)Å 
C26 O5 1.366(3)Å  C20 C21 1.424(3)Å 
C30 C32 1.426(4)Å C21 O3 1.317(2)Å 
C32 N6 1.284(3)Å C26 C31 1.427(3)Å 
C33 C34 1.533(3)Å C27 C28 1.412(5)Å 
C34 C35 1.534(4)Å C28 C29 1.357(5)Å 
C34 C45 1.529(4)Å C29 C30 1.419(4)Å 
C36 C37 1.437(4)Å C30 C31 1.409(4)Å 
C37 C42 1.413(3)Å C31 O6 1.305(3)Å 
C41 O8 1.368(3)Å C33 N6 1.470(3)Å 
C43 O8 1.428(3)Å C34 C44 1.523(3)Å 
O2 Na1 2.3573(16)Å C35 N7 1.472(3)Å 
O6 Na1 2.3573(17)Å C36 N7 1.291(3)Å 
N8 C46 1.547(9)Å C37 C38 1.414(3)Å 
N8 C48 1.509(6)Å C38 C39 1.355(4)Å 
N8 C50 1.486(9)Å C39 C40 1.402(4)Å 
N8 C52 1.510(9)Å C40 C41 1.384(3)Å 
C46 C47 1.546(12)Å C41 C42 1.421(3)Å 
C48 C50 1.445(11)Å C42 O7 1.315(2)Å 
C49 C53 1.344(19)Å O3 Na1 2.3551(16)Å 
C50 C51 1.519(13)Å O7 Na1 2.3851(16)Å 
C52 C53 1.507(19)Å N8 C46 1.547(9)Å 
C47 C47 1.6280(5)Å N8 C48 1.509(6)Å 
C48 C49 1.530(9)Å N8 C50 1.486(9)Å 
C50 C50 1.582(19)Å N8 C52 1.510(9)Å 
C46 C52 1.060(12)Å 
 
N1 Mo1 N1 179.995°  N1 Mo1 N2 88.49(8)° 
N1 Mo1 N2 91.51(8)°  N1 Mo1 N2 91.51(8)° 
N1 Mo1 N2 88.49(8)°  N2 Mo1 N2 179.995° 
N1 Mo1 N3 87.24(8)°  N1 Mo1 N3 92.76(8)° 
N2 Mo1 N3 92.20(8)°  N2 Mo1 N3 87.80(8)° 
N1 Mo1 N3 92.76(8)°  N1 Mo1 N3 87.24(8)° 
N2 Mo1 N3 87.80(8)°  N2 Mo1 N3 92.20(8)° 
N3 Mo1 N3 179.995°  N4 Ni1 N5 91.33(7)° 
N4 Ni1 O2 92.26(7)°  N5 Ni1 O2 175.49(7)° 
N4 Ni1 O3 176.32(7)° N5 Ni1 O3 91.72(7)° 
O2 Ni1 O3 84.80(6)°  N6 Ni2 N7 90.86(8)° 
N6 Ni2 O6 94.22(8)°  N7 Ni2 O6 171.63(8)° 
N6 Ni2 O7 170.32(8)° N7 Ni2 O7 91.37(8)° 
O6 Ni2 O7 84.73(6)°  N1 C1 S1 179.6(2)° 
N2 C2 S2 179.1(2)°  N3 C3 S3 179.0(2)° 
C6 C5 C10 120.7(2)°  C6 C5 O1 125.1(2)° 
C10 C5 O1 114.19(19)° C5 C6 C7 120.4(2)° 
C6 C7 C8 120.3(2)°  C7 C8 C9 120.3(2)° 
C8 C9 C10 120.5(2)°  C8 C9 C11 119.9(2)° 
C10 C9 C11 119.45(19)° C5 C10 C9 117.53(19)° 
C5 C10 O2 118.67(19)°  C9 C10 O2 123.79(18)° 
C9 C11 N4 124.97(19)°  C13 C12 N4 111.55(16)° 
C12 C13 C23 108.48(18)°  C12 C13 C14 110.09(16)° 
C12 C13 C24 110.00(18)°  C14 C13 C23 110.05(18)° 
C23 C13 C24 109.59(19)°  C14 C13 C24 108.62(18)° 
C15 C16 C17 120.05(19)°  C13 C14 N5 114.17(16)° 
C17 C16 C21 120.0(2)°  C16 C15 N5 124.57(18)° 
C17 C18 C19 120.1(2)°  C15 C16 C21 119.02(18)° 
C19 C20 C21 120.4(2)°  C16 C17 C18 120.4(2)° 
C21 C20 O4 113.40(18)°  C18 C19 C20 120.5(2)° 
C16 C21 O3 124.10(18)°  C19 C20 O4 126.2(2)° 
C27 C26 C31 120.2(2)°  C16 C21 C20 118.29(18)° 
C31 C26 O5 114.4(2)°  C20 C21 O3 117.60(18)° 
C27 C28 C29 120.0(3)°  C27 C26 O5 125.4(2)° 
C29 C30 C31 120.6(3)°  C26 C27 C28 121.1(3)° 
C31 C30 C32 120.8(2)°  C28 C29 C30 120.2(3)° 
C26 C31 O6 118.2(2)°  C29 C30 C32 118.6(3)° 
C30 C32 N6 126.4(2)°  C26 C31 C30 117.9(2)° 
C33 C34 C44 107.4(2)°  C30 C31 O6 123.9(2)° 
C33 C34 C45 110.6(2)°  C34 C33 N6 112.79(19)° 
C44 C34 C45 109.1(2)°  C33 C34 C35 110.40(18)° 
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C36 C37 C38 120.2(2)°  C35 C34 C44 110.2(2)° 
C38 C37 C42 120.2(2)°  C35 C34 C45 109.0(2)° 
C38 C39 C40 119.9(2)°  C34 C35 N7 113.02(18)° 
C40 C41 C42 120.8(2)°  C37 C36 N7 124.6(2)° 
C42 C41 O8 114.32(18)° C36 C37 C42 119.2(2)° 
C37 C42 O7 123.8(2)°  C37 C38 C39 121.0(2)° 
Mo1 N1 C1 172.33(19)° C39 C40 C41 120.4(3)° 
Mo1 N3 C3 168.8(2)°  C40 C41 O8 124.8(2)° 
Ni1 N4 C12 116.27(13)° C37 C42 C41 117.4(2)° 
Ni1 N5 C14 116.52(13)° C41 C42 O7 118.79(19)° 
C14 N5 C15 118.44(17)° Mo1 N2 C2 176.66(19)° 
Ni2 N6 C33 117.29(16)° Ni1 N4 C11 125.25(15)° 
Ni2 N7 C35 116.43(16)° C11 N4 C12 118.45(17)° 
C35 N7 C36 119.2(2)°  Ni1 N5 C15 124.73(14)° 
Ni1 O2 C10 124.51(13)° Ni2 N6 C32 125.72(17)° 
C10 O2 Na1 122.99(12)° C32 N6 C33 116.4(2)° 
Ni1 O3 Na1 105.83(6)° Ni2 N7 C36 124.27(17)° 
C20 O4 C22 117.19(19)° C4 O1 C5 116.10(19)° 
Ni2 O6 C31 127.64(14)° Ni1 O2 Na1 105.48(6)° 
C31 O6 Na1 125.81(13)° Ni1 O3 C21 124.62(13)° 
Ni2 O7 Na1 104.82(6)° C21 O3 Na1 121.63(12)° 
C41 O8 C43 117.00(18)° C25 O5 C26 116.84(19)° 
O2 Na1 O6 132.22(6)° Ni2 O6 Na1 106.53(7)° 
O2 Na1 O7 136.62(6)° Ni2 O7 C42 121.95(13)° 
O6 Na1 O7 63.67(5)°  C42 O7 Na1 121.33(13)° 
C46 N8 C48 109.4(4)°  O2 Na1 O3 63.87(5)° 
C46 N8 C48 79.8(4)°  O3 Na1 O6 140.25(7)° 
C48 N8 C48 167.5(6)°  O3 Na1 O7 135.50(6)° 
C46 N8 C50 154.7(5)°  C46 N8 C46 90.3(7)° 
C48 N8 C50 57.7(4)°  C46 N8 C48 79.8(4)° 
C46 N8 C50 106.9(5)°  C46 N8 C48 109.4(4)° 
C48 N8 C50 110.5(5)°  C46 N8 C50 106.9(5)° 
C46 N8 C52 112.0(6)°  C48 N8 C50 110.5(5)° 
C48 N8 C52 103.8(4)°  C46 N8 C50 154.7(5)° 
C50 N8 C52 114.4(6)°  C48 N8 C50 57.7(4)° 
C46 N8 C52 112.0(6)°  C50 N8 C50 64.3(8)° 
C48 N8 C52 103.8(4)°  C46 N8 C52 40.5(4)° 
C50 N8 C52 92.9(5)°  C48 N8 C52 79.7(4)° 
C52 N8 C52 148.2(8)°  C46 N8 C52 40.5(4)° 
N8 C46 C52 67.9(7)°  C48 N8 C52 79.7(4)° 
C46 C47 C47 89.9(3)°  C50 N8 C52 92.9(5)° 
N8 C48 C49 114.6(5)°  C50 N8 C52 114.4(6)° 
C49 C48 C50 108.6(6)°  N8 C46 C47 113.2(6)° 
N8 C50 C48 62.0(5)°  C47 C46 C52 109.1(9)° 
C48 C50 C50 108.7(7)°  N8 C48 C50 60.4(4)° 
C48 C50 C51 144.4(8)°  C48 C49 C53 85.4(10)° 
N8 C52 C53 116.5(10)°   N8 C50 C50 57.8(4)° 
C49 C53 C52 89.9(12)°  N8 C50 C51 116.5(7)° 
C50 C51 C50 62.8(9)°  C50 C50 C51 58.6(5)° 
N8 C52 C46 71.6(7)°  C46 C52 C53 125.7(13)° 
 
 
 195 
 
Table B.5.4. Selected bond lengths and bond angles for [L3CCuK(NCS)]n, 4 
 
O1 C1 1.4272(16)Å   O1 C2 1.3685(17)Å  
O2 C7 1.3015(14)Å   O2 Cu1 1.9363(8)Å  
C1 H11 0.963Å   C1 H12 0.959Å  
C1 H13 0.976Å   C2 C3 1.3800(19)Å  
C2 C7 1.4315(16)Å   C3 C4 1.407(2)Å  
C3 H31 0.946Å   C4 C5 1.370(2)Å  
C4 H41 0.974Å   C5 C6 1.4188(17)Å  
C5 H51 0.939Å   C6 C7 1.4128(16)Å  
C6 C8 1.4384(17)Å   C8 N1 1.2932(15)Å  
C8 H81 0.939Å   C9 C10 1.5261(15)Å  
C9 N1 1.4705(15)Å   C9 H91 0.978Å  
C9 H92 0.969Å   C10 C11 1.527(3)Å  
C10 C12 1.533(2)Å   C11 H111 0.960Å  
C11 H111 5_565 0.960Å   C11 H112 0.937Å  
C12 H121 0.940Å   C12 H122 0.940Å  
C12 H122 5_565 0.940Å   C13 S1 1.636(2)Å  
C13 N2 1.165(3)Å   Cu1 N1 1.9882(10)Å  
Cu1 N1 5_565 1.9882(10)Å      
 
C1 O1 C2 116.62(12)° C7 O2 Cu1 127.13(7)°  
O1 C1 H11 109.714°  O1 C1 H12 109.704°  
H11 C1 H12 109.110°  O1 C1 H13 106.510°  
H11 C1 H13 110.223°  H12 C1 H13 111.545°  
O1 C2 C3 125.29(12)° O1 C2 C7 113.50(11)°  
C3 C2 C7 121.20(12)° C2 C3 C4 120.40(12)°  
C2 C3 H31 121.117°  C4 C3 H31 118.464°  
C3 C4 C5 119.98(13)° C3 C4 H41 119.342°  
C5 C4 H41 120.654°  C4 C5 C6 120.56(13)°  
C4 C5 H51 120.710°  C6 C5 H51 118.715°  
C5 C6 C7 120.52(11)° C5 C6 C8 117.09(11)°  
C7 C6 C8 121.57(10)° O2 C7 C2 118.07(10)°  
O2 C7 C6 124.65(10)° C2 C7 C6 117.24(11)°  
C6 C8 N1 127.91(10)° C6 C8 H81 114.169°  
N1 C8 H81 117.798°  C10 C9 N1 115.77(11)°  
C10 C9 H91 110.730°  N1 C9 H91 108.103°  
C10 C9 H92 104.724°  N1 C9 H92 109.122°  
H91 C9 H92 108.127°  C9 C10 C9 5_565 110.63(13)°  
C9 C10 C11 111.73(10)° C9 5_565 C10 C11 111.73(10)°  
C9 C10 C12 106.54(10)° C9 5_565 C10 C12 106.54(10)°  
C11 C10 C12 109.38(15)° C10 C11 H111 113.891°  
C10 C11 H111 5_565 113.890°  H111 C11 
H111 
5_565 104.228°  
C10 C11 H112 106.764°  H111 C11 H112 108.977°  
H111 
5_565 C11 H112 108.977°  C10 C12 H121 109.980°  
C10 C12 H122 109.381°  H121 C12 H122 109.309°  
C10 C12 H122 5_565 109.381°  H121 C12 
H122 
5_565 109.309°  
H122 C12 H122 5_565 109.468°  S1 C13 N2 179.29(19)°  
O2 Cu1 O2 5_565 81.51(5)°  O2 Cu1 N1 92.01(4)°  
O2 
5_565 Cu1 N1 173.49(4)°  O2 Cu1 
N1 
5_565 173.49(4)°  
O2 
5_565 Cu1
N1 
5_565 92.01(4)°   N1 Cu1 
N1 
5_565 94.47(6)°  
C8 N1 C9 115.70(10)°  C8 N1 Cu1 122.26(8)°  
C9 N1 Cu1 122.01(8)°      
 196 
 
 
Ni1 N1 1.833(7)Å   Ni1 N2 1.823(7)Å  
Ni1 O1 1.844(5)Å   Ni1 O2 1.834(5)Å  
C1 C2 1.410(10)Å   C1 C6 1.422(10)Å  
C1 O1 1.286(7)Å   C2 C3 1.391(8)Å  
C2 O3 1.364(8)Å   C3 C4 1.443(13)Å  
C3 H31 0.934Å   C4 C5 1.346(14)Å  
C4 H41 0.934Å   C5 C6 1.428(11)Å  
C5 H51 0.924Å   C6 C7 1.430(13)Å  
C7 N1 1.273(12)Å   C7 H71 0.939Å  
C8 O3 1.431(9)Å   C8 H81 0.959Å  
C8 H82 0.962Å   C8 H83 0.968Å  
C9 C10 1.418(18)Å   C9 C11 1.498(15)Å  
C9 C12 1.588(14)Å   C9 N1 1.588(13)Å  
C10 N2 1.362(14)Å   C10 H101 0.930Å  
C10 H102 0.872Å  C11 H112 0.970Å  
C11 H111 0.970Å  C11 H113 0.973Å  
C12 H123 0.959Å  C12 H121 0.957Å  
C12 H122 0.963Å  C13 C14 1.393(12)Å  
C13 C18 1.420(12)Å  C13 O2 1.315(8)Å  
C14 C15 1.389(10)Å  C14 O4 1.350(11)Å  
C15 C16 1.352(18)Å  C15 H151 0.933Å  
C16 C17 1.35(2)Å  C16 H161 0.934Å  
C17 C18 1.450(15)Å  C17 H171 0.938Å  
C18 C19 1.404(15)Å  C19 N2 1.283(14)Å  
C19 H191 0.931Å  C20 O4 1.432(9)Å  
C20 H202 0.964Å  C20 H201 0.972Å  
C20 H203 0.959Å     
 
N1 Ni1 N2 84.4(4)°   N1 Ni1 O1 96.1(3)°  
N2 Ni1 O1 179.0(3)°   N1 Ni1 O2 177.8(3)°  
N2 Ni1 O2 95.1(3)°   O1 Ni1 O2 84.38(19)°  
C2 C1 C6 117.7(6)°   C2 C1 O1 119.4(6)°  
C6 C1 O1 122.9(6)°   C1 C2 C3 122.9(7)°  
C1 C2 O3 113.5(5)°   C3 C2 O3 123.6(7)°  
C2 C3 C4 117.4(8)°   C2 C3 H31 121.153°  
C4 C3 H31 121.454°   C3 C4 C5 121.6(7)°  
C3 C4 H41 119.346°   C5 C4 H41 119.013°  
C4 C5 C6 120.5(8)°   C4 C5 H51 119.663°  
C6 C5 H51 119.841°   C1 C6 C5 119.9(8)°  
C1 C6 C7 122.3(7)°   C5 C6 C7 117.7(8)°  
C6 C7 N1 125.4(7)°   C6 C7 H71 118.395°  
N1 C7 H71 116.182°   O3 C8 H81 110.758°  
O3 C8 H82 110.862°   H81 C8 H82 108.390°  
O3 C8 H83 111.176°   H81 C8 H83 107.545°  
H82 C8 H83 107.980°   C10 C9 C11 113.0(10)°  
C10 C9 C12 107.2(11)°  C11 C9 C12 113.8(9)°  
C10 C9 N1 106.8(9)°   C11 C9 N1 106.7(10)°  
C12 C9 N1 109.0(7)°   C9 C10 N2 104.9(10)°  
C9 C10 H101 107.094°   N2 C10 H101 109.688°  
C9 C10 H102 108.527°   N2 C10 H102 115.225°  
H101 C10 H102 110.892°   C9 C11 H112 110.595°  
C9 C11 H111 106.149°   H112 C11 H111 110.241°  
C9 C11 H113 110.159°  H112 C11 H113 109.802°  
H111 C11 H113 109.837°  C9 C12 H123 110.052°  
C9 C12 H121 109.502°  H123 C12 H121 109.344°  
C9 C12 H122 108.539°  H123 C12 H122 108.831°  
H121 C12 H122 110.560°  C14 C13 C18 117.9(7)°  
C14 C13 O2 119.9(7)° C18 C13 O2 122.2(8)°  
C13 C14 C15 121.6(9)° C13 C14 O4 114.1(6)°  
C15 C14 O4 124.3(9)° C14 C15 C16 121.8(12)°  
C14 C15 H151 118.881°  C16 C15 H151 119.318°  
C15 C16 C17 118.7(9)° C15 C16 H161 120.625°  
C17 C16 H161 120.651°  C16 C17 C18 122.8(11)°  
C16 C17 H171 118.140°  C18 C17 H171 119.025°  
C13 C18 C17 117.1(10)° C13 C18 C19 121.9(8)°  
C17 C18 C19 121.0(10)° C18 C19 N2 126.1(7)°  
C18 C19 H191 117.102°  N2 C19 H191 116.842°  
O4 C20 H202 110.050°  O4 C20 H201 109.941°  
H202 C20 H201 109.821°  O4 C20 H203 108.981°  
H202 C20 H203 108.754°  H201 C20 H203 109.269°  
Ni1 N1 C7 125.8(6)° Ni1 N1 C9 108.6(7)°  
C7 N1 C9 125.1(8)° Ni1 N2 C10 118.7(8)°  
Ni1 N2 C19 126.6(7)° C10 N2 C19 113.7(9)°  
Ni1 O1 C1 127.4(4)° Ni1 O2 C13 128.1(5)°  
C2 O3 C8 115.6(6)° C14 O4 C20 117.5(6)°  
 
 
 
 
 
 
 
 
 
  
 
 
GENERAL CONCLUSION 
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General conclusion  
NCS has seldom been used as bridging ligand for the construction of molecule-based 
magnetic materials because its capability to mediate substantial exchange interactions 
between 3d metal ions is poor. The results gathered during this study demonstrate that this is 
no longer the case if a 4d or a 5d metal ion is involved.  
Our study shows that [M(NCQ)6]2/3- (M = MoIII, ReIV; Q = S, Se) complexes might be 
very powerful building units for the design of heterometal magnetic materials characterized 
by strong exchange couplings. This is supported by the spin density distribution computed for 
the potential building units [MoIII(NCS)6]3- or [ReIV(NCS)6]2- that clearly show that a 
significant amount of spin is transferred from the metal to the peripheral S-atom. Moreover, 
our calculations indicate that the delocalization of the spin from metal to the ligand core is 
substantially larger for ReIV as compared to MoIII. The quantitative evaluation of the exchange 
interactions of MoIII with the 3d ions NiII, and CoII obtained for a series of simple 
heterometallic complexes reveals that the exchange coupling strengths are in the order of 
those known for the related cyano-bridged {4d-3d} system. 
For the chemists designing magnetic materials, compounds such as [MoIII(NCS)6]3- 
[ReIV(NCS)6]2- possess several other desirable attributes. Because of the bend M-SCN 
linkage, for a given M the orbital overlap scheme yields a sign for the exchange interaction 
that is opposite to that obtained for the cyano-bridge. The soft nature of the S atom leads to 
preferred coordination to soft metal ions; therefore selective linkage can be anticipated in 
reaction that would involve different metal ions. We have used this characteristic for the 
rational construction of trimetallic and mixed-valence compounds with only the M2+ ions 
build into the 1-D architectures whereas the M3+ ion is not.   
The [MoIII(NCS)6]3-, with its six NCS pointing in to the three directions of space 
appears also perfectly suited for the construction of extended networks. We did not succeed in 
obtaining a 3-D coordination polymer but 2-D thiocyanate-bridged heterometallic networks 
have been achieved. One was found to be a ferrimagnet with a remarkable TC of 40 K. This is 
the first exemple of magnet ever realized with only NCS as bridging ligands, but it is also one 
of the 2-D magnets with highest TC. Besides, this building unit also allows the construction of 
discrete or 1-D assemblies. 
In summary we have demonstrated that compounds such as [MoIII(NCS)6]3- and 
[ReIV(NCS)6]2- can certainly be considered as interesting building units for the construction of 
molecule-based magnetic systems with improved performances. A perspective for the 
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development of the present investigations is to apply the gathered knowledge to the 
construction of functional hetero-metallic architectures such as 3-D magnets or nano-magnets. 
 
 
Abstract 
This thesis concerns the field of molecular magnetic materials. Our goal was to 
investigate the potential of the {M(NCQ)6}3-, (M = MoIII, ReIV; Q = S, Se) anionic 
complexes for the preparation of thiocyanato-bridged {3d-4(5)d} heterometallic 
compounds with efficient exchange couplings. Spin density distributions obtained 
from DFT calculations on {Mo(NCS)6}3-, {Mo(NCSe)6}3-, {Re(NCS)6}2- show that 
the magnetic information is efficiently transferred from the metal to the 
ligands. Experimental insights into the magnetic communication mediated by 
NCS between MoIII and either Co, Ni have been deduced from the magnetic 
behavior of a series of isomorphic compounds of formula 
{[M(NCQ}6{M’LN4}2(NCS)] (M = CrIII, MoIII; M’ = NiII, CoII ; Q = S, Se). The 
magnetic studies and their analysis show that Mo-NCS-Ni interaction is strong 
(JMoNi/Co = -50 cm-1) and twice Cr-Ni interaction. Because S atom can bind 
preferentially soft metal ions, we have used this property to obtain the mixed 
valence coordination polymer [{Mo(NCS}6{NiIILN4}]∞{CoIIILN4Br2} and the related 
heterotrimetallic derivative [{Mo(NCS}6{NiIILN4}]∞{CoIIILN4Br2}. We also describe 
a bidimensional system {Mo2Co3} which behaves as a ferri-magnet with TC = 40 
K. Two examples of hetero-metallic architectures Mo-Cu are presented and 
finally, in the last part of this manuscript, the formation of polymetallic 
aggregates between Ni or Cu-Schiff bases complexes and potassium salts are 
described. 
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